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Section  6 
'  HET-i/lTOLOGY 


Prepared  by  George  V,  LeRoy,  Lt,  Col,,  MC 

Data  Collected  by  George  V,  LeRoy,  Lt,  Col.,  MC,  Averill  A,  Liebow,  Lt, 
Col.,  MC,  Samel  Berg,  Ifeijor,  MC,  and  the  Laboratory  Teclinicians  of  the 
Joint  Commission  Teams  in  Hiroshima  and  Nagasaki 

A.  Studies  on  the  Circnlating  Blood. 

Of  the  portions  of  the  body  that  are  accessible  for  examination,  circu¬ 
lating  blood  is  the  one  vxhich  is  affected  the  earliest  and  the  most  profound¬ 
ly  by  large  amoxints  of  ionizing  radiation.  It  is,  therefore,  a  sensitive  and 
easily  studied  gauge  not  only  of  the  severity  of  the  effects  of  radiation  but 
also  of  the  character  and  .degree  of  recovery.  The  principal  handicap  to  an 
adequate  presentation  of  the  changes  in  the  blood  of  Japanese  injured  by  the 
atomic  bomb  is  the  fragmentary  character  of  the  data.  Thus,  although  many 
counts  are  available,  the  majority  are  single  counts  on  individuals.  It  is 
ti^e;  that  these  were  performed  on  all  types  of  patients  at  every  possible  in¬ 
terval  of  time  after  the  bombing  but  the  fact  remains  that  there  were  compar¬ 
atively  few  serial  blood  counts  on  loatients  whose  only  injurj?-  was  by  gamma 
rays.  Great  as  this  handicap  appears  to  be,  it  is  minimized  by  tho  fact  that 
very  large  numbers  of  patients  were  studied  so  that  it  is  legitimate  to  treat 
the  average  blood  counts  of  certain  groups  of  patients  that  were  made  at  vary¬ 
ing  periods  of  time.  The  fact  that  the  average  count  in,  say,  tho  fourth  week, 
was  made  on  one  series  of  subjects  and  the  average  count  for  the  fifth  v/eek 
on  another  should  not  be  considered  a  detriment,.  There,  were  many  patients 
similarly  exposed  and  the  employment  of  group  averages  seems  a  legitimate 
measure.  So  far  as  possible,  the  attempt  will  be  made  to  deal  with  .groups 
expos.ed  to  approximately  similar  quantities  of  radiation.  This  is  not  too 
important,  however,  because  of -the  well-recognized  individual  variability. 
Accordingly,  the  general ' endeavor  will  be  to  discuss  together  patients  who 
presented  similar  syndromes  and.  thus  allow  inequalities  in  exposure  to  be 
neutralized  so  to  speak,  by  inequalities  in  radio-sensitivity, 
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The  material  in  this  section-  will  deal  \^ith  the  broad  features  of 
changes  in  the  blood  of  persons  exposed  to  gajma  rays  of  the  atomic  bomb. 

It  will  deal  maialy  with  counts  and  with  the  general  pattern  of  the  re¬ 
sponse  as  it  was  observed  id-th  the  passage  of  time.  The  intricate  inter¬ 
relation  and  correlation  of  the  blood  picture  with  the  symptomatology  and 
with  the  factors  of  exposure  (i.e.,  distance  from  the  bomb)  and  protection 
(i.e.,  the  sort  of  material  intervening  between  the  subject  and  the  bomb) 
will  be  described  in  detail  in  the  statistical  section  and  in  general  in  the 
clinical  section.  The  effect  of  the  gamma  radiation  on  the  morphology  of 
the  formed  elements  of  the  blood  will  be  discussed  here  as  will  certain  ob- 
serva-tions  on  the  changes  in  the  mechanism  of  coagulation  of  the  blood. 

Necessarily,  much  of  the  data  for  this  section  has  been  obtained  from 
Japanese  sotirces  since  the  major  changes  in  the  tlood  picture  had  rvua  their 
cQurse  by  the  time  the  Joint  Coiamlssion  arrived.  In  the  employment  of  the 
Japanese  material  care  has  been  taken  to  select  data  from  organizations  vrhose 
personnel  were  knovm  by  the  American  doctors  and  whose  reliability  was  recog¬ 
nized,  It  is  desirable  at  this  point  to  acknowledge  the  work  of  those  people, 
much  of  which  was  performed  under  unbelievably  ai’duous  circtuastsnces .  It 
would  have  been  impossible  to  present  a  well-rounded  picture  of  the  changes 
in  the  circulating  blood  without  the  laboratory  data  which  was  supplied  by 
the  Japanese  physicians;,  .  ; 

On  the, basis  of  reports  that  have  appeared . in  the  zuedical  literature 
since  Heineke  of  Leipzig  in  1903  (l)  first  described  the  action  of  Roentgen, 
rays  on  the  blood  and  blood-forming  organs  it  was  possible  to  anticipate  the 
character  of  the  changes  in  the  circulating  blood  of  the  Japanese  patients. 

The  majority. of  the  scientific  articles  describe  the  effects  of  various  kinds 
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of  ionizing  radiation  on  laboratory  animals.  A  recent  review  of  the  ef¬ 
fect  of  radiation  on  normal  tissues  by  Dunlap  and  Warren  (2)  19^2  contains 
several  statements  which  may  help  to  orient  the  reader  with  respect  to  the 
data  which  is  to^3benfa?esented; 

"When  proper  corrections  for  absorption  are  made,  there  is  no  convincing 
evidence  at  hand  of  qualitative  or  quantitative  differences  in  the  biologic 
effect  of  similar  doses  delivered  at  wavelengths  within  the  range  of  soft 
and  hard  Roentgen  rays,  gamma  rays,  and  the  alpha  and  beta  particles  of  ra¬ 
dium.  " 


tf 

(1)  Heine ke,  H.  "Ueber  die  Einwirking  der  Rontgen  Strahlen  auf  Tlere" 

Mimch.  Medz.  Woch.  50;  2099-2092,.  Dec.  1,  I903. 

Idem. ,  "Ueber  die  Einwirking  der  Eontgenstrahlen  auf  innere  organ" 
ibid  51:  785-786,  May  3,  190^^. 

Idem. ,  "Experiments lie  untersuchungen  uber  die  Einwirking  der 
P.ttntgenstrahlen  auf  des  Knockenmark,  nebst  einingen  Bemerkungen  uber 
die  Rcntgenthei'apie  der  Leukamie  und  Pseudoleukamle  uad  des  Sarcomas .  " 
Deutsch  Zeits.  f.  Chir.  78:  196-229,  1905- 

Idem.,  "Experimentelle  untersuchungen  uber  die  Einwirking  der 
Rontgenstrahlen  auf  innere  organ."  Mitteilungen  an  der  Grenz,  der  Medz. 
u.  Chir.  XIV,  Bd  1,  u  2,  1904. 

(2)  Warren,  S.,  Dunlap,  C.  E.,  "Effect  of  Radiation  on  Normal  Tissues,"  III 
Effects  of  Radiation  on  the  Blood  and  the  Hemopoietic  Tissues,  including 
the  Spleen,  the  Thymus  and  the  Lymph  Nodes,"  Arch.  Path.  34:  562-608, 

.  1942.  - 
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This  is  an  important  observation  for  it  permits  one  to  apply  the  in¬ 
formation  derived  from  the  study  of  patients  irradiated  with  ordinary  hard 
Eoentgen  rays  to  the  interpretation  of  the  effects  ’ caused  by  the  extremely 
hard  gamma  rays  emitted  by  the  atomic  bomb.  Furthermore,  since  there  is 
-still  not  too  much  information  available  on  the  effect  of  whole  body  Eoentgen 
irradiation,  the  Japanese  data  may  be  applied  vice  versa.  This  last  observa¬ 
tion  is  supported  by  another  statement  from  the  review: 

"Few  concise  data  on  the  hazard  of  blood  damage  as  an  undesirable  side 
effect  of  radiation  therap^are  accessible  on  the  changes  in  the  blood  to  be 
expected  even  from  standardized  radiologic  procedures." 

Whole  or  total  body  radiation  with  Eoentgen  rays  of  varying  voltages  has 
been  practiced  increasingly  from  1932  and  the  effect  of  a  single,  relatively 
small  (25-50  r)  daily  dose  is  found  to  be  slight.  There  is  no  information 
available  in  the  literature,  hcr^ever,  on  the  largest  single  dose  of  total 
body  irradiation  that  can  be  tolerated  by  man.  T'/zo  other  quotations,  the 
first  from  the  Eeview  (2)  and  the  second  from  a  report  by  Minot  and  Spurling 
(3)  will  epitomize  our  current  knowledge  of  the  effects  of  ionizing  radiation 
on  the  circulating  blood: 

"As  a  practical  generalization,  it  may  be  said  that  sufficient  irradia¬ 
tion  of  tissues  with  either  radixim  or  Eoentgen  rays  will  cause  a  reduction  in 
the  numbers  of  cells  of  all  series  in  the  circulating  blood." 

(3)  Minot,  George  E.,  &  Spurling,  Eoy  G.  "The  effect  on  the  blood  of  irradia/ 
tion,  especially  short  w^pe length  Eoentgen  ray  therapy."  Am.  J.  Med.  Sci. 

168:  215 -2iH,.  1924.  ■  - 
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"The  greater  the  dose,  the  more  profound  is  the  blood  damage,  the  more 
rapidly  it  develops  and  the  more  slov/l/  it  is  repaired.  The  blood  response 
remains  quite  consistent  qualitatively  over  a  wide  range  of  dosages  although 
massive  exposures  may  obscOTe  some  of  the  early  changes  and  small  doses  some¬ 
times  fail  to  evoke  the  complete  response,” 

It  should  be  added  at  this  point  that  the  type  of  ionizing  irradiation,  tho 
'effects  of  which  are  described  in  the  last  two  quotations,  vris  hard  Roentgen 
rays  of  an  intensity  of  approximately  200  kilovolts, 

'  With  this  background  we  may  proceed  to  a  consideration  of,  first,  the 
changes  in  the  circulating  blood, and,  second,  the  changes  in  the  bono  marrow 
of  the  Jaimnese  exposed  to  the  gamma  radiation  of  the  atomic  bomb,  Rresenta- 
tion  of  the  data  will  be  simplified  by  discussing  each  of  the  affected  elements 
of  the  circulating  blood  separately. 

The  clinical  material  on  which  this  section  is  based  has  been  selected 
from  the  large  aiaount  of  data  collected  by  the  Joint  Commission.  'The  data 
have  been  chosen  to  pro^/ids  the'  clearest  picture  of  the  changes  in  the  peri¬ 
pheral  blood  consequent  to  gamma  radiation  of  the  whole  body.  The  patients 
whose  blood  pictures  \d.ll  be  described  were  of  txjo  general  sorts; 

(n)..  Patients  with  frhiik  clinical  evidence  of  the  .syndrome  of  radiation 
sickness.  All  these  cases  were  studied  by  the  Japanese  and  the  data  which 
are  cited  were  collected  by  them  and  presented  to  the  Joint  Commission  in 
the  form  of  special  reports  by  the  indi-vidual  groups  of  workers. 

(b)  Survivors,  clinical  data  on  whom  were  obtained  in  questionnaire 
form  and  submitted  to  analysis  by  the  Joint  Commission,  All  of  the  reports 
of  the  blood  examinations  performed  on- the:  members  of  this  group  prior  to 
1  October  were  provided  by  the  Japanese  physicians,  but  examinations  subsequent 
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to  that  time  were  conducted  under  the  auspices  of  the  Joj.nt  Commission.  All 
the  data  from  the  questionnaires  obtained  from  the  survivor  group  were  record¬ 
ed  in  IBM  cards,  and  are  described  in  detail  in  the  statistical  section  of  the 
report.  For  the  purposes  of  discussion  in  this  section,  one  specially  selec¬ 
ted  group  has  been  Ajsed  frequently,  namely,  subjects  who  were  outdoors,  un¬ 
shielded,  or  indoors,  inside  a  Japanese  type  building,  and  located  within 
1500  meters  of  the  center  of  the  explosion.  This  particular  category  has 
been  chosen  for  discussion  because  there  appears  to  be  little  question  that 
the  majority  of  the  members  of  it  received  considerable  amounts  of  gamma  ra¬ 
diation  from  the  explosion  of  the  atomic  bomb.  In  general,  the  effect  of 
shielding  and  individual  variations  in  radio-sensitivity  will  be  over-looked 
in  this  section.  The  discussion  will  be  concerned  primarily  with  the  blood 
picture  in  the  various  clinical  stages  of  the  syndrome  of  radiation  injury. 

It  is  convenient  to  divide  this  S3mdrbme  into  4  types,  the  characteristics 
of  which  are  shown  in  Table  1.  Most  of  the  patients  of  the  first  type  died 
during  a  period  when  the  hospitals  and  doctors  were  over-burdened  and  there 
are  few  data  available  on  them.  The  majority  of  the  patients  studied  by  the 
Japanese  during  the  latter  half  of  August. and  the  first  half  of  September 
would  be  included  in  the  second  catebory;  while  the  ones  who  survived  and 
provided  the  bulk  of  the'  cases  for  the  Joint  Commission  studies  are  the  repre¬ 
sentatives  of  the  last  two  types.  The  various  elements  of  the  blood  will.be 
considered  separately. 

(1)  Erythrocytes  and  Hemoglobin. 

The  -effect  of  the  radiation  emitted  by  the  atomic  bomb  on  the  erythro¬ 
cytes  is.  complicated  by  the  obvious  factors  of  loss  of  blood  due  to  woimds 
and  to  the  hemorrhagic  tendency  that  developed,  as  well  as  the  familiary 
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anemia  associated  vith  any  sort  of  severe  infection.  Since  it  was  not 
possible  to  collect  large  numbers  of  patients  in  each  of  the  clinical  classes 
as  described  in  Table  1,  who  did  not  have  complications  of  one  sort  or 
another,  it  is  necessary  to  treat  the  patients  as  a  group  regardless  of 
their  other  injuries.  This  consideration  requires  the  reader  to  take  a 
broad  view  of  the  data  to  be  presented. 

TABLE  I 

CLASSIFICATION  OF  CLINICAL  TYPES  OF  THE 


SYNDEOME  OF  EADIATIQN  INJLTRY 


Very 

Severe 

Severe 

Moderately 

Severe 

Mild 

Approximate 

Mortality  ■ 

100$ 

50$ 

Less  than 
1C$ 

Nil 

Time  of  Death, 

Weeks 

1st -2d 

3d-6th 

6th- 15th 

- 

Leukopenia 

.4  -  i. 

Rrrpura 

-*• 

w.  4  -t ' 

Wv  i 

> 

Epilation 

- 

t  ■  t  4 

4. 

f 

Ulceration  & 
Inflammation  of 
Mucous  membranes 

-y  -f- 

•Ite  V 

Approximate  distance 
frombbomb,  meters 

Less 

than 

1000 

1000-. 

1000- 

1500 

More 

than 

1500 

(1)  Very  Severe  Group. 

The  results  of  the  examination  of  the  blood  in  9  patients  of  this 
type  from  Hiroshima  are  shoxm  in  Table  2.  All  the  patients  had  received 
some  other  injuries  than  that  due  to  gamma  rays  and  the  extent  of  these  in¬ 
juries  is  difficult  to  determine  from  the  record.  Because  of  the  familiar 
dehydration  associated  with  bums,  it  is  not  desirable  to  attach  much  sig¬ 
nificance  to  the  red  cell  counts  in  these  early  patients  in  whom  loss  of 
fluid  from  bums  and  from  the  commonly  associated  diarrhea  occurred.  The 
low  color  index  in  each  case  is  remarkable  and  it  cannot  be  explained  read¬ 
ily  on  the  basis  of  existing  knowledge  of  the  effect  of  ionizing  radiation 
on  the  erythrocytes . 

There  are  no  data  extant  from  either  city  on  the  reticulocyte  count  or 
the  morphology  of  the  red  blood  cells  of  the  very  severe  cases.  .  Inspection 
of  the  few  blood  films  that  are  available  (H-10645-1,  Table  2;  H-IO619-I, 
Table  2)  reveal  that  the  microscopic  appearance  of  the  erythrocytes  is  quite 
normal.  The  same  observation  has  been  made  by  the  Japanese  physicians. 

(2)  Severe  Group. 

Iiflmeny  instaafces  patients  of  this  type  were  observed  in  well  es¬ 
tablished  clinics  and  followed  over  a  period  of  from  several  days  to  several 
weeks,  so  that  serial  blood  examinations  are  available  in  some  instances.  In 
the  tables  that  follow  typical  examples  are.  presented.  (See  tables  12  &  13.) 
The  significant  fee^ure  of  the  change  in  the  red  blood  cell  courits  is  the 
steady  rate  of  decline  which  appears  to  reach  minimum  values  at  about  the 
same  time  as  the  white  blood  cell  cqunt,  which  in  many  instances  -coincided 

with  the  death  of  the  patient.  As  indicated  in  the  classification.  Table  1,' 

'  ^  ■  •  • 

approximately  50  per  cent  of  the  severe  type  of  patients  died.  In  Table  3 


is  listed  the  distribution  of  the  red  cell  counts  for  two  groups  of  Hiro¬ 
shima  patients  who  appeared  to  have  been  affected  to  the  same  extent  by  the 
gamma  radiation.  25  died,  and  27  survived.  The  degree  of  anemia  is  quite 
similar  in  the  two  groups  and  there  is  no  clear  evidence  that  this  factor 
can  be  iiseful  in  prognosis. 

TABLE  2 

VERY  SEVERE  CASES  (HIROSHIMA)* 

EXAMINATION  OF  THE  BLOOD** 


OTBER 

Hb 

RBC 

DATE-  OF 

DAY  OF  DEATH 
AFTER 

CASE  NO. 

INJURIES***  SAHLI  % 

MILLIONS 

WBC 

COUNT 

BOMBING 

h-io6i4-i 

B.V. 

42 

4.10 

400 

12  August 

9 

H- 10619 -I 

B.W. 

50 

4.20 

150 

12-  " 

9 

H-10645-I 

B.i  , 

45 

4.20 

4oo 

12  " 

11 

H-IO615-I 

B. 

32 

2.65 

400 

12  " 

8 

H-IO616-I 

B. 

43 

3.28 

150 

12  " 

8 

- 

B.W. 

40 

3.75 

250 

12 

- 

H-IO625-I 

B. 

4o 

4.13 

400 

13  " 

8 

H- 10635-1 

W. 

40 

2.82 

300 

12  " 

8 

- 

W. 

40 

3.26 

300 

13 

9 

(All  the  patients 
the  center.  See 

were  inside  the  Bankers' 
Section  IH) 

Club, 

Hiroshima, 

200  meters  from 

*This  data  obtained  froia  the  report :  "Hematological  Study  on  the  Atomic  Bomb 
Disease,"  by  K.  Nakao,  G,;  Eobayashi,  S.  Kato,  Y.  Yano,  and  M.  Komiya; 

Medical  Clinic  (Dr.  K.  Sassa,  Chief),  Tokyo  Imperial  University. 

**The  blood  counts  were  made  by  surgeons  of  Iwakuni  Naval  Hospital. 

***B.  ~  Burns;  W.  -  Wounds. 
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TABLE  3 


SEVERE  CASES  (HIROSHIMA) 

DISTBIBUTIOW  .OF  LOWEST  RED  CELL  COUETS  DURIHG 
TffiSrdTO  . 


Patients  Who  Died 


3 

14 

7 

25 


Range: 

Millions /iam3 

1.0  -  2.0 

2.1  -  3.0 

3.1  -  4.0 

Over  4.1 
Total 


Patients  Who  Recovered 

5 

12 

7  • 

_3 

27 


Color  Index. 

There  is  no  consistent  pattern  -of  the  variation  of  the  color  index 
which  can  he  recognized  in  this  type  of  patient.  In  individual  cases,  the 
index  is  seen  to  vary  from  less  than  1.0  to  values  considerably  in  excess  of 
even  1.5  and  in  the  Nakao  series  of  25  fatal  cases,  the  color  index  was  1.0 
or  greater  in  17  cases  and  less  than  1.0  in  the  remainder.  The  members  of 
the  Joint  Commission  have  suspected  that  such  variability  is  better  explained 
by  laboratory  deficiencies  than  by  some  systematic  chdnge  in  the  composition 
of  the  individual  erythrocytes. 

Price -Jones  Curve.  . 

Measurements  were  made  of  the  mean  diameter- of  the  erythrocsrtes  in 
stained  blood  films  obtained  from  patients  with’ the  severe  form  of  radiation 
injury.  The  ntunber  of  examples  is  few- but.  the  general  configuration  of  the 
curve-  is  approximately  normal  which  would  suggest  that  good  examples  have 
been  chosen.  The  values  observed  for  the  blood’ of  patients  obtained  in  late 
August  in  Hiroshima  and  in  early  September' in  Nagasaki  are  shown  in  Ta,ble  4. 
The  first  group  of  values  (A.  Hiroshima)  are  si^ificantly  different  from 
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nomml  in  spite  of  the  small  huniber  of  subjects  included  in  this  group; 

and  the  low  standard  deviation  suggests  that  the  sampling  was  good.  The 

* 

second  group  (B.  Nagasaki);  because  of  the  large  standard  deviation  are 
not  significantly  different  from  the  controls.  Furthermore,  the  large 
standard  deviation  suggests  that  this  group  was  not  particularly  repre¬ 
sentative.  In  the  case  of  the  third  group  (C  Nagasaki)  no  standard  devia¬ 
tions  were  supplied  by  the  Japanese  who  performed  the  measurements  but  it 
is  very  unlikely  that  so  small  a  difference  between  the  means  would  be  sig¬ 
nificant.  The  difference  between  the  means  of  the  patients  and  the  means 
of  the  controls  is  only  0.l4  microns  which  is  smaller  than  the  standard 
deviations  of  the  most  carefully  studied  group  on  record."  In  Price- Jones ' (4) 
original  monograph,  the  standard  deviation  for  100  normal  subjects  was 
0.172  microns.  The  difference  between  the  means  for  the  normal  studied  by 
the  Japanese  and  the  normal  for  the  means  studied  by  the  Joint  Commission  is 
to  be  explained  on  the  basis  of  the  type  of  micrometer  and  the  technique 
used.  In  view  of  all  these  considerations,  it  appears  that  there  is  little 
change  in  the  size  of  the  er3rthrocytes  of  patients  severely  injured  by  the 
gamma  radiation  during  the  first  four  to  six  weeks  after  exposvure. 


(4)  Price-Jones,  Cecil,  "Bed  blood  cell  diameters",  London,.  Humphrey  Milford, 
‘  Oxford  University  Press,  1933- 
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TABt£  k 


SEVERE  CASES 
Frice-Jones*  Curves 

CITY  Humber  MEAN  DIAMETEE  OF  ERYTHRiXYTES 

MICBONS 

A)  Hiroshima  6  7.02  r  .312 

(Smears  made  3-^  weeks  ' 

after  bombing. ) 

B)  Nagasaki  10  7.28  ^  .610 

(Smears  made  4-5  weeks 

after  bombing. ) 

Examinations  of  A)  and  B)  performed  by  Joint  Commission.  Normal  Control 
values  obtained  by  same  examiner j  7.44  .30I  microns. 

C)  Nagasaki  28  7.87 

(Smears  made  4-6  i^eeks 

after  bombing. ) 

Examinations  of  C)  performed  by  Japanese  'doctors,  of  I  Medical  Clinic, 
Kyushu  Imperial  University.  Normal  control  value  obtained  by  the  same 
examiners:  7.73  microns 

Beticulocytes 

Only  a  few  reticulocyte  counts  were  performed  in  the  severe  cases.  In 
the  Nakao  study  there  is  an  interesting  difference  between  the  distribution 
of  reticulocyte  percentage  in  the  group  of  patients  that  died,  and  in  the 
group  that  recovered.  In  Table  5  it  can  be  seen  that  in  the  fatal  group 
110  patient  had  a  reticulocytosis  in  excess  of  0.4^5  while  among  those  who 
survived-,  one-half  had  values  higher  than  that.  The  total  number  of 
subjects  is  unfortunately  small,  but  the  findings  are  consistent  and  are 
in  agreement  with. other  reports.  The  data  suggest  that  reticulocytes  may 


12  (6) 


12 


be  equally  as  sensitive  an  indicator  of  the  extent  of  damage  to  the  bone 
marrow  as  the  levikocytes  or  the  platelets. 


TABLE  5 

•  SEVERE  CASES  (HIROSHIM) 

RETICULOCYTE  COUNTS  3-4  WEEKS  AFTER  BOMBS. 

Patients  Who  Died  '  Per  Cent  Patients  Who  Survived 


9 

0 

0 

0 


0-0.4  6 
0.5  -  0.9  4 
1.0  -  2.0  2 
Over  2,0  1 


Total 


13 


This  finding  of  a  low  level  of  reticulocytosis  in  patients  agrees  well  with 


the  obseiarations  in  animals  irradiated  experimentally  in  which  a  proiiipt  and 
persistent  decrease  in  the  percentage  of  reticulocytes  is  characteristic, 
during  the  period  of  several l^eeks  after  exposure, 

The  morphology  of  the  red  blood  cells  as  observed  in  stained  blood 
films  obtained  during  the  course  of  the  illness  in  severe  cases  appears 
essentially  normal.  There  is  no  conspicuous  degree  of  poikllocytosls  but 
there  does  appear  to  be  more  than  the  usual  variability  in  the  size  of  the 
erythrocytes.'  In  some  of  the  blood  films  from  patients  severely  affected  by 
the  gamma  rays,  nucleated  red  cells  were  seen  during  the  acute  phase  of  the 
illness.  They  were  not.  found  in* every  case,  apparently,  and  when  they  occurred 
they  were  seen  in  sraall  numbers,  seldom  more  than  2-4  per  100  white  blood 
cells.  Those  that  were. seen  had  an  essentially  normal  appearance, 

( 3 )  Moderately  Severe  and  Mild  Gas  e s . 

The  majority  of  these  classes  of  patients  survived  and  considerably 
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more  data  are  available  on  the  pattern  of  the  variations  in  their  blood 
pictures.  In  these  patients,  as  in  the  preceding"  groups,  the  characteris¬ 
tics  of  the  response  of  the  circulating  blood  vas  complicated  by  blood  loss 
and  the  co-existence  of  severe  infection.  In  this  group,  however,  it  is 
possible  to  observe  such  changes  as  may  occur  in  the  blood  picture  during  the 
period  of  recovery. 

Erythrocytes  and  Hemoglogin. 

The  case  records  selected  by  the  Joint  Commission  and  studied  statistically 

■> 

were  to  a  large  extent  of  patients  with  the  moderately  severe  and  mild  type  of 
injury  by  gamma  radiation.  Changes  in  the  blood  picture  of  the  group  who  sur¬ 
vived  are  shown  for  each  city  in  Table  6.  The  patients  whose  blood  examina¬ 
tions  are  recorded  were  all  located  within  approximately  15OO  meters  of  the 
center.  They  were  either  outdoors,  unshielded,  or  indoors,  inside  Japanese- 
type  wooden  buildings.  It  has  been  shown  in  the  statistical  study  that  sub¬ 
jects  so  situated  were  most  affected  by  the  bomb.  This  group  contains  the 
records  only  of  patients  who  displayed  symptoms  to  support  a- diagnosis  of 
the  syndrome  of  radiation  injviry.  In  the  statistical  study,  no  attempt  was 
made  to  subdivide  the  clinical  material  on  a  basis  comparable  to  the  classifi¬ 
cation  given  in  Table  1.  Accordingly,  it  is  inevitable  that  this  group  -which 
we  are  taking  as  representative,  of 'theimoderately  severe,  or  mild  type  of  the 
syndrome  of  radiation,  will.,  contaihya  certain  number  of  patients  of  the  "Severe" 


type  -who  camexunderobseryatign  during, their  convalescence.  The  number  of 
these  whose  blood  counts  are,  presented  in  this  section  is  probably  small,  for 
two  reasdhs.,  Eirst,  ih' the,  tables  of 'average  bipod  cgunts, (see  table  6) 
only  the  first,  blood  examination' .’is  used.  Since  many  of  the  severe  cases  had 
frequent  blood.,, counts,  this;  tj^e  of  patient  will  contribute  only  to  the  early 
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weeks  of  the  tabulation.  Second,  the  group  of  subjects  whose  blood  counts 
were  used  had  a  small  incidence  of  high  fever.  One-fifth  of  those  from  Hiro¬ 
shima  and  one-tenth  from  Nagasaki,  respectively,  ha,d  experienced  fever  in  ex¬ 
cess  of  39°C.  In  general,  nearly  every  one  of  the  severe  cases  had  high  fe- 

V 

ver,  so  that  the  low  total  Incidence  of  this  symptom  suggests  that  the  severe 
cases  were  in  the  minority. 

Upon  inspection  of  Table  6,  it  is  seen  that  the  lowest  values  for  hemo¬ 
globin  and  red  blood  cells  occurred  in  the  6th  and  7th  week  after  the  bombing. 
It  is  also  seen  that  the  average  blood  count  has  not  returned  to  normal  by 
the  twelfth  week.  In  Table  J,  data  collected  from  the  clinics  of  the  Kyushu 
University  from  patients  who  were  exposed  to  the  atomic  bomb  in  each  city  are 
analyzed  together  and  display  the  same  sort  of  trend  as  is  shown  in  the  pre¬ 
ceding  table. 

TABLE  6 


MGDEBATELY  SEVERS  AND  MILD  CASES 
EXAMINATION  OF  THE  BLOOD 
Mean  Values  for  BBC,  Hb  and  Color  Index 


HIROSHIMA 
Hb.  Gms. 

EEC 

Color 

Weeks  after  Hb 

NAGASAKI 

BBC 

Color 

Millions 

Index 

Bombinp; 

■1 

Index 

- 

5.5* 

- 

2 

- 

- 

9.3 

3.9 

0.7 

3  6.8 

2.7* 

0.8 

8.7 

3.1 

0.9 

4:  _  7.8 

3.9* 

0.6 

8.8 

3.1  . 

0.9 

5  ■  ■  9.1 

3.7  . 

0.8 

8.0 

3.1  ; 

0.8 

'6.  .  ■  ^  8.9' 

3.5 

0.8  , 

8.3 

3.0 

6.9 

'7  ...  ;  7.4* 

.2.9* 

0.8 

9.0* 

2.9* 

1.0 

8  8.3*  ■ 

-  2.8* 

0.9 

7.7* 

3.0* 

0.8  ; 

9  ■'  ..  ■  9.9  '  ■ 

3.2* 

.1.0 

10.5*  : 

-  . 

"  10  .  9.5  '  - 

'  3.3  - 

0.9 

il.o  , 

11  ■  9.4 

3.6* 

0.8 

11.8 

3.6* 

1.0 

12  10.0* 

_ 

14.5  , 

,'4.50  : 

1.0  . 

Normal  Japanese  l4 . 5 

4.50 

1.0 

*Indicate£ 

(.that  the 

mean 

is  calculated  on  the  basis 

of*  fewer-  than 

10  cases 
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SAWADA  SEEVICE 

25 


TABLE  7 

MODERATELY  SEVEBE  AHD  MILD  CASES (NAGASAKI) 

KYDSHU  IMPERIAL  UHIVERSITY 
Mean  Values  for  RBC.  Hb.,  and  Color  Index 


Ntomber  of  Cases 


MISAO  SEEVICE 

16 


Hb.* 

RBC 

C.I. 

Weeks  after  Bombing 

RBC 

C.I. 

51 

3.21 

0.8 

4 

- 

- 

66 

3.13 

1.0 

5 

2.47 

1.06 

6k 

3.17 

1.0 

6 

2.63 

1.2 

62 

2.96 

1.0 

7 

.  2.91 

1.1 

67 

2.97 

1.1 

8 

3.14 

1.2 

68 

3.20 

1.0 

9 

3.40 

1.0 

77 

3.26 

1.2 

10 

3.95 

1.0 

70 

3.10 

1.1 

11 

4.02 

0.9 

83 

3.76 

1.1 

12 

3.78 

1.0 

Color 

Index. 

The  tendency  for  the  color  index  to  approximate  unity  is  shovn  in  Tables 
6  and  7.  Because  of  reports  in  the  medical  literature  of  the  development  of 
hyperchromic,  macrocsrtic  anemia  in  subjects  poisoned  by  radium,  this  condi¬ 
tion  was  studied  intently,  particularly  by  the  Japanese.  In  view  of  the  fact 


that  most  infections  as ^we 11  as  blood  loss  from  wounds,  should  favor  the  pro¬ 
duction  of  an  anemia  with-  a  color,  index  considerably  less  than  unity,  the  per¬ 
sistent  finding  of  normal;  values  forj!  color  index  is>  to  say  the  least,  s'uggest 
ive  of  a  tendency  toward  hyperchromasia  in  a  purely  relative  sense. 

♦Bh  -  Japanese  Sahli,  l4.5  :G  =  100^.:; 


16  (6) 


16 


MCV.  MCE,  MCHC 

In  one  group  of  survivors  in  Nagasaki,  careful  tlood  counts  and  meas¬ 
urements  of  the  packed  cell  volume  were  done.  The  average  mean  corpuscular 
volume,  (MCV),  mean  corpuscular  hemoglobin,  (MCH),  and  mean  corpuscular 
hemoglobin  concentration,  (MCHC),  were  estimated.  The  results  of  the  study- 
are  shown  in  Table  8.  In  this  table,  the  findings  in  66  patients  recovering 
from  the  effects  of  radiation  injury  are  compared  with  two  other  groups  of 
residents  of  Nagasaki  City.  The  difference  between  the  mean  MCV  of  the 
group  of  patients,  and  of  group  A  is  statistically  significant.  The  same  is 
true  for  the  difference  between  the  niean  MCH  of  the  same  groups.  The  tendency 
in  the  patient  group  toward  macrocytosis  and  hjrperchromasia  is  small;  but  it 
appears  to  be  definite.  As  has  been  mentioned,  this  trend  is  of  greater  sig¬ 
nificance  than  the  small  numerical  difference  indicated,  because  it  is  ob¬ 
served  in  a  group  with  infection,  bums  and  wounds  which  would  customarily 
cause  the  reverse  type  of  change  in  the  red  blood  cells.  A  sufficiently  large 
group  of  patients  with  radiation  injury,  and  without  infection  or  other  com¬ 
plications  could  not  be  obtained  for  study. 

A.  A  group  of  30 -people  who  had  never  had  any  clinical  symptoms  of  ra¬ 
diation  injury.  Most  of  these  subjects -were  at  distances  greater  than  3500 
n©ters  from  the  bomb .  : 

X.  A  group  of  ^  people  who  lived  in  Kami -Nagasaki  ration  district,, 
on  the  west  side  of  the  Nishiyama  reservoir.  These  people  were  all  completely 
protected  from  Gamma  E.ays  by  the  high'  hills  between  them  and  -the  bomb.  None 
had  ever  had  any  clinical  symptoms.  , 


17  (6) 


17 


TABLE  ,8 


MOV,  MCH,  MCHC,  (NAGASAKI) 


Number 

Mean 

Mean  S.  E. 

Patients 

66 

■  93.1  t  1.31 

31.2  t  0.51 

33.2  t  0.45 

Group  X 

55 

91.8  ±  1.10 

31.2  ±.  0.37 

.  .  33.9  t  0.27 

Group  A 

30 

89.1  t.  1.35 

29.4  ±  0.47 

33.3  t  0-63 

Normal^ 

87.0  ±  5,00 

29.0  ±  2.00 

34.0  ±  2.00 

(1)  Mean  corpuscular  volvme  -  cubic  microns 

(2)  Mean  corpuscular  hemoglobin  -  gamma  gamma 

(3)  Mean  corp,  hemoglobin  concents'etion  -  percent 

(4)  Standard  error  of  the  mean 

(5)  Normal  values  for  occidentals,  from  Wintrobe  (loc,  cit,). 
Comparable  estimates  for  Japanese  were  not  obtainable  prior 
to  the  time  of  the  American  Occupation. 


Price-Jones*  Curve 

Ohly  one  group  of  survivors  known  to  have  the  syndrome  of 
radiation  injtiry  in  a  moderately  severe  form  was  examined  with'  respect 
to  the  mean  diameter  of  the  red  blood  cells.  Blood  smears  from  the 
pa.tients  in  this  grovip  were  collected  in  the  Shinkozen  Medical  Aid 
Hospital  and  were  measured  carefully  by  Major  S.  Berg,'  MG,  at  the  Army 
Institute  of  Pathology  (see  Figure  l):.  The  results  are  shown  in  Figure 
1  v/here  the  average  Price-Jones'  curve  for  20  patients  vrith  radiation 
injurjr  is  compared  with  the  average  curve  for  Japanese  normal  controls. 

The  comparison  of  the  Japanese  normal  with  the  Price-Jones’  normal  is 
shown  in  Figure  3.  '  The  patients  were  selected  for  the  study  on  the 
basis  of  the  fact  that  they. had  either  no,  or  very  minor  injury  except  that 
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due  to  ionizing  radiation.  Unfortunately,  infectious  processes  had  been 
or  were  present  in  every  case.  The  mean  value;  for  the  red  cell  diameter 
of  the  irradiated  group  was  '7.85  j.-.  .428  microns,  which  is  significantly 
greater  than  the  control  value  of  7,44  4;  ,301  microaSw  The  mean  value  for 
the  patients  suffering  from  the  effects  of  irradiation  was,  statistically, 
significantly  greater  than  the  values  for  2  other  groups  of  subject  resident 
in  Nagasaki.  One  group  (Series  A)  after  careful  clinical  study,  was  found 
to  have  no  evidence  of  radiation  injury  and  the  other  group  was  composed  of 
persons  who  -were  known  to  have  been  behind  a  large  range  of  hills  of  such 
height  that  no  gamma  rays  from  the  atomic  bomb, could  have  reached  the  resi¬ 
dents  (Series  X).  This  region  was  in  the  Nishiyama  section  of  the  Kamin 
Nagasaki  Ration  District,  (See  Section  3N),  The  mean  value  for  the  red  cell 
diameters  of  all  these  groups  are  shown  in  Table  9,  (See  also  figure  2) . 

The  evidence  from  this  study  X'/hich  fnay  be  assumed  to  be  representative  and  to 
have  been  carefully  done,,  is  that  after  injury  by  gamma  radiation  a  tendency 
to  macrocytosis  in  the  peripheral  blood  is  to  be  seen.  The  some  observation 
as  was  made  with  respect  to  the  color  index  and  to  the  mean  corpuscular 
volume,  etc. ,  applies  to  this  situation.  Since  most  of  the  patients  undoubt¬ 
edly  had  some  infection  which: ordinarily  would  resexlt  in  a  microcytic  type  of 
anemia,  the  findings  of  an' increased, didmeter  of  the .red  blood  cell  is  cer¬ 
tainly  significant^  (See  table  9) •.  g  '  '■  d  -  x  .  • 

Reticulocytes-  ■  i  d  ‘  ‘-.t ‘  ' 

There  are.,  few  studies '  of  the  reticulocyte  counts  of  the -.less  severely 
ill 'patients  during,  the r  early  weeks  after. -the  explosion.  Considerably  larger 
.groups  of  reticvilocyte  counts,  however,  are.  available  for  the  period  of  8  to 
12  weeks  after  the  bombing.  The  observations  made  at  this  time  are  especially 
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interesting  because,  as  vri.ll  be  seen  in  the  discussion  of  the  bone  marrovr 
from  strpvivors,  this  period  during  October  was  the  time  when  erythropoiesis 
appeared  to  be  the  most  marked.  In  Table  10  are  shown  reticulocyte  counts 
on  groups  of  comparable  patients  in  each  city.  The  most  important  feature 
of  the  tabulation  is  the  uniformly  low  values  observed.  In  each  city,  some¬ 
what  more  than  50  per  cent  of  the  counts  were  less  than  1  per  cent,  which 
may  be  considered  as  the  ordinary  normal  value.  This  finding,  when  taken  in 
relation  to  the  range  of  the  average  erythrocyte  cormt  at  the  same  time  (see 
table  6),  is  very  interesting.  The  values  for  the  red  cell  coiints  in  (8  -  12) 
those  weeks  are  2,9  to  3.6  million  for  Hiroshima  and  2,8  to  3,6  million  for 
Nagasaki,  respectively.  Regardless  of  the  findings  in  the  bone  marrow,  it  is 
difficvilt  to  escape  the  conclusion  that  the  delivery  of  young  erythrocytes  to 
the  circulation  is  deficient.  The  degree  of  reticulocytes  is  certainly  less 
than  one  would  expect  to  find  in  patients  with  comparable  degrees  of  anemia 
who  were  recovering  from  wounds  and  burns* 

TABLE  9 


MODERATELY  SEVERE  AMD  MILD  GASES  A?jD  CONTROLS  (NAGASAKI) 
Mean  Red  Blood  Cell  Diameter 


CLASS  OF  SUBJECT  . 

NUMBER 

MEAN  AND 

STANDARD  DEVIATION 

1,  Patients  with  Radiation  Sickness 

20 

7.85 

•cq 

• 

2,  Series  A 

10  ^ 

7.61. 

:  391:  - 

3.  -  Series  X  :  ‘  ‘  , 

14: 

7.58  , 

■  .  *287  ; 

4*  Controls  ‘  f,.:  ■ 

9 

7,44 

± 

.301 

5.  Wonnal  Adults*  (Wintrpbe,  loc,  cit.  ) 

7.5 

1 

:/:.3 

1)  is .significantly  greater  than  2),' 3) > 

or  4) ; 

2) .and  3). are  not  significantly  different 

from  each  other^ 

or  from  4) . 
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TABLE  10 


-  MODEEIATELY  SEVERE  ft  MILD  CAS^ 

DISTRIBUTION  OF  RETICULOCYTE  COUNTS  ’ 

8  to  12  Weeks  After  tha  Bombing 

Hiroshima  (Nakao  Series,  Loc,  cit.) 

Per  cent  Reticttlocytes  •  Number  of  Cases 

0,0  ~  0,4  6 


0.5  -  0.9  7 

1.0  -  1.9  9  ' 

Over  2,0  3 

-  Total  25 

B,  Nagasaki  (Omura  Naval  Hospital,  Kaida  Series) 

Per  cent  Retlcxilocytes  Number  of  Cases 

0.0  -  0.4  ,  40 

0.5  -  0.9  25 

1.0  -  1.4  15 

1.5  -  20  6 

Over  2.0  ^  11 

^  Total  Wf 

Morphology 


The  morphology  of  the  red  blood  cells  in  the  stained  films  of  the  pa¬ 
tients  with  the  moderately  severe  and  the  mild  forms  of  the  syndrome  of  rad¬ 
iation  injury  appears  quite  similar  in  the-  material  from  each  city.  There 
is  more  poikilocytosis  and  anisocytosis  than  was  seen  in  the  other  types  of 
material  but  even  in  the  patients,  in  this  group  it  does  not  appear  to  be 
excessive.  There  was  one  major  difference  between  the  erythrocytes  in'  the 


\ 
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blood  slides  of  the  patients  from  the  two  cities.  Punctate  basophilia  or 
stippled  red  cells  were  seen  quite  regularly  in  the  Nagasaki  study  and  were 
observed  infrequently  in  the  Hiroshima  cases.  In  the  latter  city,  the  find¬ 
ing  v/as  encountered  so  seldom  and  was  so  apparently  unrelated  to  other 
facts  tirxat  there  is  insufficient  data  for  tabulation.  However,  in  Nagasaki, 
as  can  be  seen  in  Table  11,  it  was  found  in  a  considerable  number  of  cases  and 
to  a  much  greater  degree  in  the  patients  with  trank  evidence  of  radiation  in¬ 
jury,  In  the  Table,  it  is  evident  that  the  incidence  is  higher  in  patients  in 
the  Qmura  Naval  Hospital.  The  reason  for  this  is  uncertain.  It  may  well  be 
that  the  laboratory  equipment  there  was  better  of  that  the  technicians,  having 
been  warned  to  look  for  changes  in  the  red  blood  cells,  found  more  examples. 
The  appearance  of  the  stippled  red  cells  differed  in  no  way  from  those  seen  in 
persons  who  have  had  some  lead  absorption.  (See  figure  4).  '^he  number  of 
stippled  cells  was  never  so  great  as  that  seen  in  the  blood  of  patients  with 
clinical  lead  poisoning.  In  some  of  the  control  subjects  who  said  they  wore 
not  in  Nagasaki  the  day  of  the  bombing  an  occasional  stippled  cell  was  found 
but  there  were  never  as  many  as  could  be  seen  in  a  typical  patient.  No  facil¬ 
ities  were  avhilable  for  investigating  the  likelihood  that  the  water  or  the 
food  contained  lead  in  appreciable  amounts.  The  finding  is  presented  here 
without  further  attempt  to  interpret  its  significance. 

Erythrocyte  Sedimentation  Rate. 

This  test  is  very  popular  with  the  Japanese  physicians,  and  a  great 
many  determinations  were  made  in  all  types  of  patient,  ’  Unfortiinately,  none- of 
the  data  is  sxii table  for  critical  analysis,  since  no  corrections  for  the  . 
erythrocyte  count  are  provided.  Actually,  in  many  cases,  the  sedimentation 
was  apparently  the  maximum  possible.  The  test  was  performed  in  febrile  pa¬ 
tients  much  more  often  than  in  afebrile  ones,  and  there  is  no  evidence 'to 
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show  that  the  results  observed  differed  in  any  degree  from  what. might  be 
expected  in  any  group  of  patients  viith  serious  infections. 

Osmotic  Resistance  of  Erythrocytes 

A  small  number  of  detenninations  were  made  of  the  resistance  of  ery¬ 
throcytes  to  hemolysis  in  hypotonic  solutions  of  sodium  chloride.  Some 
of  the  patients  studied  were  of  the  severe  type,  and  some  of  the  moderately 
severe  or  mild  type.  All  the  available  reports  are  in  agreement  in  finding 
no  abnormality  of  the  osmotic  resistance  of  the  red  blood  cells,  of  patients 
injured  by  gamma  radiation. 


2lS  Per  cent  with  Stippling  5% 

B.  Shinkozen  Medical  Aid  Hospital 

128  Total  Patients  219 

9  With  Stippled  Red  Cells  ' 

1%  Per  cent  with  Stippling 


„  SUMMARY 

1)  In  patients  exposed  to> lethal  and  sublethal  amounts  of  gamma. radiation 
of  the  atomic  bomb,  the  erythrocytes  were  seriodsly  affected. 
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SEEIAI.  BLOOD  STUDIES  IS  a  EPICAL  FATAL 
C^E  OF  TIffi  SEVERE  r/PE  OF  RADXiiTXON  IWJfEY 


Hirofihim 


Date 

Ksmoglobin  . 

«r»Au*.>i.mcs.n  •«K%»iaM>r.3>«  ar. 

RBC 

««T.e»vCr.Ab4tftan'.o'il 

WBG 

P.lateiet 

K  tMR  e*>u«m  ( 

3J.  Aug. 

'm 

4*06 

4200 

203^000 

20  Aug. 

hof,  ■ 

3o37 

1100 

168,000 

21  Auga 

65f. 

3o91 

1000 

23  Aug. 

5'lfo 

2.05 

350 

•it* 

25  Aug. 

48f. 

1.69 

170 

«• 

27  Aug. 

m 

2.68 

120 

DIFFERENTIAL  COUNTS 


Date 

_  Met  as 

Stabs 

Pol^ys 

Lymphs 

Monos 

.  Eos 

Bas  KucReds 

11  Aug. 

2 

30 

44 

20 

4 

'  «rv>ut»asBi&j«»  iimuuxJktif«n^wa*.w*an 

20  Aug, 

10 

1.0 

70 

.  5 

~  5 

23  Aug. 

- 

(5) 

(1) 

■*»  w* 

27  Aug. 

(1) 

- 

(.1) 

- 

- «  ■' 

Hucfaers  in  parenthesis  are  absolute  ntuabersj  all  others  are  percent 


*  Case  4}  Nakao  Report 5  Appendi:^  4K  (5) 
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TABLE  n 

SMIAkBLOOD  STtlDTES  IK  A  TifPICAL  HON-FaTAL 
Cigg.-OgLJgg.  SEVERE  TTPE  OF  RADIATION  DJJURY 
Nagasaki  * 


Date 

HeraofilcMn 

BBC 

Vtii‘ri;nf>mi|i|i(l 

VffiC 

Platelets 

Reticuloevi 

i  Sept 

55^0 

2  c  50 

2200 

9  Sept 

k^o 

2.24 

600 

17500 

0  % 

10  Sept 

515?- 

2,26 

1100 

13560 

0,2  ^ 

Ik  Sept 

Uf. 

1*34 

800 

■ 

16  Sept 

31^’ 

lc4B 

1300 

■  Ml. 

0.3  € 

19  Sept 

3??5 

lc59 

1300 

a3oo 

Oo5  f 

Zk  Sept 

1*42 

2800 

76250 

1.3  $ 

28  Sept 

k% 

1*40 

4800 

Z^B  % 

3  Oct 

66^ 

1*78 

5400 

110000 

4o8  ^ 

8  Oct 

6^. 

2.38 

5600 

238000. 

2.1  ^ 

19  Oct 

2,72 

9100 

310000 

2.2  fo 

27  Oct 

7% 

3.83 

9100 

318000 

2.2  f. 

DIFFEIffiNTlAL  CODfITS 

Date 

Stabs 

Polys 

Lymphs 

Monos  Eosinos 

1  Sept 

14o0 

19.0 

50.0 

6.0 

3,0 

9  Sept 

4o0 

lie  5 

77.5 

4.5 

2.5 

10  Sept 

3.5 

5.0 

86.0 

5.5 

•  « 

15  Sect 

ko5 

8.0 

78.5 

7»b 

2.0 

22  Sept 

6.5 

43.0 

43.5 

4.0 

3.0 

2S  Sept 

6,0 

56.5 

31.5 

3.5 

2.5 

B  Oct 

7.5 

56.5 

28.0 

4.0 

4.0 

19  Oct 

5.0 

63.0 

24.0 

3.5 

4.5 

27  Oct 

4»0 

67.0 

22.0 

4.0 

3.0 

Case  SeK,^  23 

,  Male. 

Distance  unknown. 

Kusiinold.  Rejjoi' 

t.  Appendix  {2) 

1) 
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2)  The  decrease  in  the  total  red  cell  cotmt  and  total  hemoglobin  content 
began  at  once  and  in  the  severely  affected  cases  reached ' critical  levels  in  3- 
4  weeks, 

3)  In  the  less  severely  affected  persons,  the  ma:clmum  depletion  of  the  red 
blood  cell  count  occwred  within  6  to  8  weeks, 

4)  The  number  of  reticulocytes  decreased  markedly  and  this  \js.s  apparently 
more  so  in  the  lethal  cases  than  in  those  who  recovered.  Even  when  clinical 
recovery  was  well  established,  low  values  for  the  reticulocytes  were  the  rule 
and  levels  that  were  in  harmony  with  the  degree  of  anemia  observed  x^ere  un- 
ustial, 

5)  At  a  time  between  the  8th  and  12th  week  after  the  bombing  when  the  marrow 

\ 

was  found  to  display  the  ma:clmum  amotint  of  erythropoietic  activity,  the  retic¬ 
ulocyte  coxint  in  approximately  one-half  the  patients  was  still  less  than  one 
per  cent, 

6)  In  general,  the  size  and  hemoglobin  content  of  the  erythrocytes  of  patients 
of  all  types,  was  normal,  or  tended  toward  raacrocytosis  and  hyperchromasia. 

It  is  pointed  out  that  under  the  circumstances  of  blood  loss,  burns  and  in¬ 
fected  states,  the  reverse  would  be  expected  in  a  group  of  similar  size. 
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Leukocytes. 


It  is  common  knowledge  among  physicians  that  one  of  the  earliest  and 
\ 

most  consistent  effects  of  exposure  of  the  human  body  to  adequate  amounts  of 
ionizing  radiation^  is  leultopenia.  The  action  of  knovm  lethal  doses  of  X- 
rays  and  gamma  rays'  on  experimental  animals  has  been  studied  and  the  rapid 
disappearance  of  leukocytes  from  circulating  blood  is  a  well  recognized 
phenomenon.  It  is  knovm  that  the  rapidity  of  the  decline  of  the  white  blood 
count  is  in  general  directly  proportional  to  the  size  of  the  dose.  Total 
body  radiation  of  human  subjects  has  been  accomplished  with  modest  doses  of 
roentgen  rays  of  the  order  of  25  to  75  r,  but  there  is  no  available  informa¬ 
tion  on  the  effect  of  doses  close  to  or  exceeding  the  assumed  lethal  dose. 

In  the  case  of  the  Japanese  patients,  Irradiated  at  the  time  of  the  atomic 
bomb  explosion,  it  is  difficult  to  estimate  the  amount  of  gamma  rays  that 
'  ■  they  received,  but  there  appears  to  be  no  question  but  that  many  received 
doses  considerably  in  excess  of  the  LD-50  (i.e.,  the  amount  of  gamma  rays 
that  will  cause  the  death  of  50%  of  the  subjects.)  Accordingly,  it  is  a 
matter  of  considerable  interest  to  estimate  the  rapidity  with  which  leukopen¬ 
ia  developed  in  hxmian  beings. 

White  Blood  Cell  Count.  ,  ' 

(1)  Very  severe  cases. 

Two  series  of  cases,  one  from  each  city,  are  available  for  study. 

In  Table  14  are  listed  all  the  v/hite  blood  counts  that  were  found  in  the 
records  of  the  Omura  Naval  Hospital,  of  patients  who  died  within  10  days  of 
the  bombing  of  Nagasaki,  The  location  of  these  patients  is  not  knovm,  but 
the  fact  that  all  except  two  (Nos,  4740  and  4799).  died  of  severe,  extensive 
burns,  indicates  that  they  were  probably  in  the  open,  unsheltered,  and  at 
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least  as  close  as  1,000  meters  from  the  center.  This  tabulation  is  very- 
important  since  it  demonstrates  the  appearance  of  e2ctreme  leukopenia  on 
10  and  11  August,  the  first  and  second  days  after  the  bombing.  In  Table  15 
are  listed  white  blood  cell  counts  from  the  records  of  the  Iwakuni  Naval  Hos 
pital,  Hiroshima,  Hiroshima.  Practically  all  of  these  patients  were  inside 
the  Bankers'  Club  (See  Section  IIH),  a  reinforced,  concrete  three-story  btiild 
ing,  200  meters  from  -the  .center.  The  earliest  white  blood  counts  in  this 
group  were  performed  on  10  and  11  August.,  the  4th  and  5th  days  after  the 
bombing.  More  extreme  degrees  of  leukopenia  were  seen  at  this  time  as  would 
be  expected  from  the  animal  experiments.  These  two  groups  of  patients  pro¬ 
vided  the  only  reliable  information  that  was  obtainable  on  the  rate  at  which 
the  leukopenia  de-veloped  in  the  most  severely  affected  persons. 

TABLE  14 

VERY  SEVERE  CASES 


LEUKOCYTE  COUNTS  -  NAGASAKI 


CASE  NUMBER 

Da-ba  from  Qmura 

DATE  OF  WHITE  COUNT 

Naval  Hospital 

W.B.C. 

DATE 

OF  DEATH 

4739 

10  August 

2200 

11  August 

— 

11 

200-530 

4733 

10 

Tt 

1670 

11  August 

.. 

11 

It 

830 

4737 

11 

II 

1300-1600 

11  August 

4738 

11 

II 

600-1000 

11  August 

4736 

11 

tt 

400-500 

11 

II 

4740 

11 

tl 

530-1040 

'  11 

n 

4734 

11 

ri 

830 

11 

II 

4732 

11 

li 

300 

11 

II 

4731 

11 

II 

715 

11 

II 

4793  ' 

17 

It 

430-500 

17 

II 

4799 

18 

It 

1700 

18 

II 

4795 

18 

It 

500 

18 

II 
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TABH^  15 

VrET  SSViSE  CASES 
miKOGYTIi;  COUI^TS  --  HIROSHBIA 
Data  fron  Ivjakuni  Maval^ilospltal 


Case  Number 

Date  of  VJliite  Cell  Count 

b’.B.C. 

Date  of  1 

H~1060S-I 

10  August 

250 

12  August 

■-* 

11 

400 

H»10634~I 

12  . 

fl  .  ‘ 

120 

12  August 

H-10612-I 

12 

1 

560 

12 

n 

K-10604-I 

11 

uuo 

13 

It 

H-10606-I 

12 

8U0 

14 

II 

H-10611-I 

12 

3400 

14 

II 

K~10625~I 

12 

400 

14 

It 

H-10620-I 

12 

21G0 

14 

n 

H-10618-I 

12 

It 

2000 

14 

n 

«. 

U 

740 

H-10635-I 

12 

30 

14. 

H-10629-I 

12 

150 

14 

I! 

- 

13 

ir 

25 

- 

H-10609“I 

13  , 

50 

15 

» 

U 

37  . 

- 

K-10614-I 

12 

4-00 

15 

n 

15 

200 

H-10640-I 

13 

560 

15 

n 

14 

490, 

n 

K-10643“I 

12 

920 

15 

n 

~ 

14 

80 

ft 

15 

550 

-- 

K--10626-I 

14 

100 

15 

n 

K--10636--I 

12 

300 

16 

It 

-  ■ 

15 

ii 

200 

16 

n 

(2)  Severe  Cases  i 

-  ■  ■  |i 

Patients  of  this  type  attracted  considerable  attention  during  the  third 

j 

to  the  sixth  -week  after  the  bojiibing  in  -each  city  where  larg^  numbers  crowded 

! 

the  hospitals  6  During  the  hei^t  of  this  period  it  has  been  said  that 
deaths  from  radiation  sickness  occurred  at  the  rate  of  about  100  per  day. 

The  clinical  syndrome  was  quite  strikin;g,  with  epilation,  high  fever, 
severe  ulcero-necrotic  lesions  of  the  mucous  meinbranes,  and  purpura*  Many 
blood  examinations  vjere  riatle,  but  often,  imfortunately,  these  were  single 
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counts,  and  the  records  of  them  frequently  failed  to  show  whether  the  patient 
lived  or  died.  In  the  Nakao  report  (loc,  cit.),  however,  the  patients  are 
classified  on  this  critical  basis  and  Table  16  has  been  prepared  from  that 
study. 


FATAL  CASES 

U 

7 

4 


TABLE  16 

SEVERE  CASES 
HIROSHIMA 

DISTRIBUTION  OF  LC^EST  LEUKOCYTE  COUMTS  DURING  THE 
3rd  TO  THE  5th  MEEK  AFTER  IRRADIATION. 
Lowest  Count  only 


W.B.C,  DISTRIBUTION 
0-500 
501-1000 
1000-2000 


CASES  THAT  RECOVERED 

1 

8 

10 


0  over  2000  4 

25  Totals  23 

The  leukocyte  counts  shown  there  are  the  lowest  ones  recorded  which  is 
not  to  say  the  lowest  which  occurred.  It  can  be  seen  in  general  that  letiko- 
penia  with  total  counts  of  less  than  500  white  cells  per  cubic  millimeter  was 
observed  in  the  majority  of  fatal  cases  for  in  those  who  siirvxved,  the  low¬ 
est  recorded  counts  x^ere  of  the  order  of  500  to  2000.  A  number  of  case  re¬ 
cords  are  available  of  persons  with  blood  couints  of  less  than  500.  who  recov¬ 
ered,  but  in  general,  it  may  be  said  ti^t  lexxkopenia  of  this  extent  indicated 
a  grave  prognosis.  The  typical  distribution  of  the  xjhite  blood  .cell  couint  in 
a  group  of  patients  with  the  severe  type  of  a  syndrome  of  radiation  injxxry  is 
shovm  in  Table  17,  the  data  for  Xlfhich  was  collected  in  Nagasaki  by  a  research 
team  from  Kuimamoto  Medical  College  between  4  and  8  September.  All  the  pa¬ 
tients  in  this  group  were  acutely  ill  and  it  is  regrettable  that  it  is  not 
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Imovn  how  many  of  them  died. 


TABLE  17 

SEVEBE  CASES 
NAGASAKI 

DISTRIBUTION  OF  LEUKOCYTE  COUNTS . DURING  THE 
3rd-3th  WEEK  AFTER  IRRADIATION  , 
Lowest  Count  Only 


PATIENTS  WITH  EPILATION  W.  B.  C.  DISTRLBUTION 


ALL  PATIENTS 


9  0-500  '  7 

10  501-1000  17 

10  1001-2000  15 

5  over  2000  I5 

29  Totals  5^ 

The  table  is  of  interest,  however,  since  it  shows  the  range  of  the  total 
white  cell  counts  in  a  group  of  seriously  ill  patients  whose  clinical  symp¬ 
tomatology  was  generally  similar.  Furthermore,  it  is  shown  that  in  the  group 
with  epilation  there  was  not  a’  definitely  greater  incidence  of  leukopenia 
or  a  more  severe  degree  of  leukopenia  than  in  the  other  groups.  In  Tables  12 
and  13  are  presented  some  characteristic  serial  blood  cotints  from  patients 
who  survived  and  from  others  who  died,  showing  the  rate  at  which  leukopenia 
and  recovery  (if  it  occurred)  developed.  The  most  interesting  feature  of 
these  cases  is  the  demonstration  of  how  long  the  time-lag  may  be  for  the  full 
development  of  the  effect  of  gamma  radiation  of  the  bone  marrow.  The  char¬ 
acteristic  interval  in  persons  who  have  received  doses  approximately  the  LD- 
50  appears  to  be  from  14-35  days  with  the  majority  occurring  in  the  third 
and  fourth  weeks. 


Moderate] 


and  Mild  Cases. 


Just  as  in  the  case  of  the  erythrocyte  coixnts,  many  leukocyte  counts 
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were  obtained  from  the  le^s  severely  irradiated  patients.  Since  this  class  - 
was  in  the  majority  among  |  the  stirvivors  it  is  natural  that  many  of  the  blood 
exmainations  of  the  Joint j Commission  were  performed  on  them.  In  Table  18  are 
collected  the  average  leul^ocyte  counts  by^  weeks  for  the  most  certainly  ex- 

'  ■  I  ■ 

posed  group  of  subjects  {ijhese  people  were  within  1500  meters  of  the  bomb, 
outdoors,  unshielded,  or  ijndoors  inside  Japanese- type  wooden  buildings.)  All 
had  experienced  the  typical  symptoms  of  the  syndrome  of  radiation  Injury.  The' 

data  shov^''  a  very  definite  trend  with  the  average  for  the  minimum  white  blood 

■j 

cell'  count  occurring  durihg  the  fourth  week  after  the  explosion  of  the  atomic 

i  ■ 

bomb  in  each  city.  In  spijts  of  the  small  number  of  cases,  forming  some  of  the 
weekly  groups,  the  data  from  Hiroshima  is  especially  illuminating  since  it 
shows  the  downward  trend  fjrom  the  time  of  the  explosion  until  the  period  of  max¬ 
im'^  depletion,  I  , 

The  rate  at  which  the j average  leukocyte  count  increases  during  the  re¬ 
covery  period  is  also  showii  in  Table  18.  It  is  interesting  to  note  that  the 
data  collected  by  the  Joint  Commission  is  in  close  agreement  with  the  average 
values  for  the  letjkocyte  ebunts  reported  from  two  of  the  medical  clinics  of 
the  Kyushu  Imperial  University  where  studies  wore  made.  (See  table  19) .  This  - 
parallelism  is  significant  since  the  succossive  weekly  count  in  the  Samda 
Clinic  and  those  of  hospit^ized  patients  in  the  Misao  Clinic  wore  performed 
on  the  same  patients-.  The  Joint  Commission  counts  for  one  week,  however,  were 
not  necessarily  obtained 'from  the  same  group  of  subjects  as  the  counts  of  the 
previous  week.  The  tempo  cf  the' recovery  of  normal  values  for  the  leukocyte 
count  seems  to  be  well  established  by  this  data.  It  may  be  stated  on  the  basis 
of  such  study  that  after:  su|blethal  doses  of  gamma  rays  the  leukocyte  count  de¬ 
creases  steadily  for  a  peri|qd  of  4  weeks;  then,  during  the  following -4  weeks 
returns  to  normal  level.  I 
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AVERAGSS. 

MODSRATxiLY 

TABLE  1.8 

SS\131E  AKO  MILD  CABIS 

m  BOMBING 

LEUKOCYTE  001 

JNT  IN  EaCM  leek  after  I 

HIROSHIM 

.YjEE/C 

NAGASAKI 

42005;- 

3. 

-  . 

2400*  . 

2 

. 

2400 

3 

5300^^ 

laoo 

4 

2500 

2400 

5 

2700 

3400 

, 

6 

4700 

^5000 

7 

48005; 

'  5300 

8 

8500* 

67005^ 

9 

8500 

^600* 

10 

71005:' 

7400 

11 

7600 

6800 

•  12 

5800K- 

■’J-Avex-ags  of  less  than  10  cases  c 
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TABLE  19 
MAG/iSAKI 

MODERATELY  SEVI^BE  AND  r.Af^T-yi 


AVERAGE  LEUKOCYTE  COUNT  IN  EACH  ViEEK 

AFTER  THE  BO®BGo 

?JEEK 

JOINT  CCMJISSIOK 

SAIVADA  CLINIC 

MISAO  CLINIC 

1 

ALL  PATIENTS 

lIOSr-ITALiZED 

2 

PATIENTS 

3 

5300 

4 

■  2500 

2700 

2200 

1800 

5 

2700 

2700 

3400 

2200 

6 

4700 

3300 

4400 

3500 

7 

ASOO 

4500 

4600 

3600 

g 

8500 

•  5600 

4800 

4800 

9 

8500 

7200 

5900 : 

5200 

10 

7100 

9600 

6700 

6200 

11 

7600 

11000 

Differential  Counts. 

Ill  Very  Severe  Gases. 

The  members  of  the  Joint  Commission  were  unable  to  obtain  any  blood 
films  of  the  severe  cases  from  the  Nagasaki  hospitals.  In  his  brief  report, 
Surgeon-  Lieutenant  Sliiotsulci  (see  appendix  4)  mentions  the  differential 
counts  of  such  patients  and  states  that  scarcely  any  cells  except  lymphocytes 
cou3-d  be  found,  even  after  a  prolonged  search  of  the  smears.  Of  the  very  se¬ 
vere  cases  from  Hiroshima,  records  Eire  available  of  9  differential  counts,  and 
smears  of  two  patients  were  given  to  the  Joint  Commission.  The  differential 
counts  are  listed  in  Table  20,  It  is  apparant  that  there  was  no  characteris¬ 
tic  hemogram  for  this  stage,  and  in  a  general  way,  the  proportion  of  the  var¬ 
ious  cell  types  was  approximately  normal,  except  for  a  shift  to  the  left  of 
the  granuiocytes  and  the  presence  of  nucleated  red  cells  in  throe  of  the  nine 
examples.  There  does  not  appear  to  be  any  way  in  which  such  findings  could  be 
differentiated  from  other  instances  of  severe  leukanemia,  as  for  exaaiple, 
acute  benzol  poisoning.  The  moiphology  of  the  few  cells  that  remained  in  the 
blood  with  the  exception  of  Some  of  the  polys,  appeared  normal  to  most  examin¬ 
ers.  In  every  case  it  is  reported  that  giant  neutrophiles  were  observed.  Such 
cells  were  two  or  three  times  noirmal  size  and  contained  bizarrely  shaped  nu¬ 
clei.  In  the  smears  obtained  by  the.  Joint  Commission,  such  cells  were  also 
found.  This  type  of  giant  neutrophil  has  been  described  as  occurring  in  the 
blood  of  animals  who  have  received,  large  doses  of  X-rays, 

Differential  White  Cell  Count.  ; 

(2)  Severe.  Moderately  Severe' and  I-lild  Cases. 

The  variations  in  the  differential  white  cell  coimts  were  much  more 
marked  than  the  changes  in  either  the  red. blood  cell  count  or  the  white  blood 
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TABIE  20 


VERX  SEVERE  CASES 

DIFFERENTIAL  WHITE  CELL  COU!iTS  (after  Makao) 
Absolute  nmabers  in  parentheses. 


CASE  NO. 

NO.  CELIS 
COUNTED 

liETA- 

MXELOCYTHS 

STAB 

Fcm 

poms. 

I2MPHS. 

miOB. 

EC6. 

BAS. 

PLASMA 

CELLS 

NUCLEATED 

R.B.C. 

H-10614-I 

50 

0 

20 

40 

28 

6 

0 

0 

2 

0 

R-10619-I 

50 

0 

8 

50 

30 

4 

0 

0 

0 

4 

H-10645-I 

50 

0 

16 

60 

U 

10 

0 

0 

0 

0 

H-i06l5-I 

20 

0 

0 

(12) 

(1) 

0 

0 

0 

0 

(7) 

H”10616^I 

13 

0 

(2) 

(11) 

Q 

0 

0 

0 

0 

0 

“■ 

100 

U 

26 

56 

8. 

4  ' 

2 

0 

0 

0 

H~10625-I 

30 

0  . 

(1) 

(22) 

(5) 

K2) 

0 

0 

0 

0 

K-10635--I 

20 

0 

0 

(18) 

(1) 

(1) 

0 

0 

0 

0 

50 

10 

70 

16 

2 

0 

0 

0 

0 

Sse  also  Table  2 
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cell  cotmt  it  is  almost  impossible  to  offer  a  general  description  of 
any  characteristic  pattern,  When  it  is  considered  that  both  the  lymphopoi¬ 
etic  and  myelopoietic  tissues  were  affected,  often  to  varying  degrees,  and 
when  it  is  recognized  that  the  radiosensitivity  of  these  various  tissues  and 
even  of  different  portions  of  the  same  tissue  may  differ,  it  is  easy  to  im- 
derstand  hov?  diverse  the  blood  picture  can  be.  The  absolute  numbers  of  all 
the  formed  elements  of  the  blood  v;ere  reduced  and  it  is  quite  apparent  tiiat 
the  degree  of  reduction  of  the  several  types  of  cells  changed  steadily.  It  is 
also  apparent  that  these  changes  were  independent  of  one  another.  Further¬ 
more,  it  is  seen  in  the  section  on  the  bone  marrow  and  in  the  section  on 
pathology  that  regeneration  comaenced  to  some  extent  in  all  the  hematopoiet¬ 
ic  tissues  during  the  first  tv;o  weeks  after  exposure.  The  hemogram  may  thus 
be  considered  as  reflecting,  at  any  given  time  when  an  examination  is  made, 
a  balance  betx/een  the  effects  of  destruction  of  the  blood-forming  organs  and 
the  effects  of  the  degree  of  regeneration  which  has  occurred.  An  inspection 
of  the  available  differentiaU.  counts  reveals  instances  where  the  percenta.go 
of  lymphocytes  was  as  great  as  10%  to  90%  and  other  cases  where  the  percentage 
of  neutrophils  was  as  large  as  80^  in  patients  whose  clinical  symptoras  were 
virtually  identical.  Other  individmls  displayed  this  amount  of  variation 
in  the  differential  couilt  in  the  course'  of  one  week.  Under  these  circimt- 
stances  it  is  preferable  not  to  attempt  to  present  any  single  average  or 
usual  pattern  for  the  differential  covint.  The  medical  reader  will  appreciate 
the  fact  that  reduction  to  varying  degrees  of  all  the  formed  elements  of  the 
blood  was  the  only  characteristic  feature  of  the  severe  form  of  radiation 
sickness.  In  Tables  12  and  13  axe  shown  hemograms  of  tj^ical  cases  which  il¬ 
lustrate  quite  well  the  variable  patterns  that  occur. 
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The  tabulation  of  counts  in. Tables  21  and  22  however,  displays  some 
distinct  trends  and  several  ..interesting  features.  It  is  convenient  here  to 
present  the  results  in  severe  cases  at  all  stages,  together  with  moderate¬ 
ly  severe  and  mild  cases.  The  values  shown  in  the  tables  are  the  averages 
of  the  first  differential  counts  recorded  on  the  Joint  Commission  questionn¬ 
aires.  The  examinations  made  prior  to  the  7th  and  8th  week  were  transcribed 
from  Japanese  records.  The  patients  whose  coiants  are  included  all  belong 
in  "exposure  groups  A  and  B"  (See  Statistical  Section) ,  This  class  of  sub- 

■/ 

jects  included  anyone  who  was  outdoors,  unshieldedi  or  indoors,  inside  a 
wooden  building;  and  who  v/as  within  1500  meters  of  the  center;  plus  those 
people  who  were  in  heavy  buildings  within  1000  meters  of  the  center.  The  maj¬ 
ority  of  these  persons  undoubtedly  received  sizable  doses-  of  gemma  rays; 
and  the  fact  that  a  differential  count  was  made  is  reasonable  evidence  that 
that  person  displayed  some  evidence  of  radiation  injury.  Because  of  the  small 
number  of  counts  from  patients  whose  location  and  shielding  was  adequately 
recorded,  it  is  necessary  to  group  together  cases  of  differing  severity. 

In  the  tabulation  of  the  average  absolute  differential  coimts,  it  my 
be  seen  that  the  average  number  of  lymphocytes  was  less  than  normal  through¬ 
out  the  entire  period  .of  12  weeks  after  the  bombing.  The  number  of  instances 
in  each  of  several  time  periods 'where  the  absolute  nuinber  of  Ismiphocytes  ex¬ 
ceeded  2600  per,  cubic  millimeter,  -the  average  , normal  value  is  shown  for 
patients  from  each  city  in: Table  23.  :  .  -  .  ' 

,  ■  ^  38  (6)  ■  '  ^  i  38 


TABLE  21 


HIROSHIMA 

Amrsge  Differential  Counts  by  iVeoksj 
Absolute  Hiusibers  and  Percentage 


Average 

No.of 

Week 

IIIBC 

Cases 

4 

1000 

11 

5 

2435 

39 

6 

3094 

18 

7 

4113 

22 

8 

5384 

13 

9 

7320 

10 

10 

6576 

17 

11 

7048 

66 

12 

6908 

91 

Normal  absolute: 

aver: 

Normal 

average  : 

%  ; 

4 

1000 

5 

2370 

6 

3070 

7 

4100 

8 

5280 

9 

7400 

10 

65,20 

11 

7000 

12 

6890 

Tot^  Cases  2S7 


Exposure  Groups  A  and  B 


Stabs 

Polvs 

liTiophc 

40 

325 

575 

254 

1093 

883 

1392 

1215 

770 

1678 

1152 

911 

2309 

1638 

247 

4345 

2012 

590 

3332 

1940 

602 

3646 

2048 

437 

3594 

2080 

154 

3591 

2660 

2e2 

51.3 

38,0 

4*0 

32o5 

57.5 

10»7 

46.1 

37.3 

7.9 

45.3 

39,5 

18o7 

40,9 

28.0 

l7o2 

43.7 

31.0 

3.3 

58,7 

27.1 

9«0 

51.1 

29.7 

8c6 

52,1 

31.0 

6.3 

52.2 

30,1 

Monos 

55 

1^* 

Ms 

1 

104 

30 

5 

107 

100 

14 

364 

122 

16 

276 

124 

20 

557 

236 

- 

331 

292 

37 

343 

32jO 

25 

369 

390 

25 

350 

252 

35  * 

5.0 

3.6 

0,5  * 

5.5 

1.0 

0,1 

4.4 

1.2 

0,2 

3.5 

3.2 

0,4 

8.9 

3.0 

0.4 

5.2 

2.3 

0,3 

7.5 

3.2 

'  •m 

5.1 

4o5 

0,5 

4.9 

4.8 

0,4 

5.3 

5o7 

0,3 

*  Average  of  28  norra^.  Japanese  males,  Septentoer  1945 »  Misao  > 
Appendix  4N  (3) 


T/iBLE  S2 


NAGASAKI 


Average  Differential  Counts  by  Vfeoks; 
Abeolute  Numbers  and  Percentage 


Eaiposure  Grouns  A  and  B? 
Average  NOeOf 


Week  mu 

Cases 

Stabs 

Po3.ys 

IiVTOhS 

Monos 

Eos 

Baso 

”T  3310 

7 

“lal 

917 

1112 

22 

4  1550 

12 

145 

538 

704 

104 

21 

14 

5  3210 

A  -  - 

6 

424 

1706 

913 

no 

70 

4 

7  « 

8  7230 

41 

416 

3795 

2060 

397 

491 

48 

9  7900 

337 

353 

4331 

2044 

509 

569 

31 

10  7240 

73 

102 

4124 

2106 

317 

559 

38 

21  7940 

67 

88 

4312 

2487 

379 

636 

30 

12  7380 

26 

27 

4017 

2283 

376 

64.1 

51 

Normal  absolute: 

average 

:  154 

3591 

2660 

350 

252 

35  * 

Normal  average  : 

percent:  2o2 

51.3 

33.0 

5.C 

3.6 

0.5  * 

3  3350 

18„2 

27o4 

33.2 

18.9 

0.6 

lo7 

4  1530 

9.5 

35o2 

46 .0 

6.8 

1.3 

0.9 

5  3230 

13.1 

52^8 

28.3 

3.4 

2.1 

0.1 

6  -  •» 

7  -  - 

8  7200 

5.8 

52.7 

2806 

5.5 

6.8 

0.6 

9  7840 

4.5 

55.2 

26.1 

6.4 

7.2 

0,3 

10  7240 

1.4 

57.0 

29.1 

4.4 

7.7 

0,5 

11  7930 

1.1 

54.4 

31.4 

4*8 

8.0 

0.3 

12  7390 

0.3 

54.4 

30.9 

5.1 

8.7 

0.6 

*  Average  of  28‘ Normal  Japanese  males,  September  1945 >  Nisao, 
Appendix  4N  (3) 
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TABLE  23 


4K 


¥ 

\ 


PER  CENT  OF  DIFFERENTIAL  COUNTS  IN  iffllCH  THE  ABSOLUTE,  NUMBER  OF 
LYMPHOCYTES  WAS  MORE  THAN  2600 
(acposurGrSoi5s'"A'"&~B) 


HIROSHIMA 

TIME 

NAC,ASAKI 

5,5% 

2-6  weeks 

0 

20.3% 

7-11  weeks) 

) 

20.4/5 

25.8^ 

12  plus  ”  ) 

Aftei’  the  3.2th  week  in  each  city,  an  increasing  nuaber  of  absolute 
counts  were  found  to  be  noriaal.  It  can  be 'seen  in  the  tables  that  there 
is  some  variation  between  the  patients  from  each  city.  The  Ijmiphocytes 
of  the  Hiroshima  gfoup  appear  to  have  recovered  less  promptly  than  the 
ones  from  Nagasaki, 

In  the  Tables  21  and  22  the  trend  toward  recovery  of  the  average  num¬ 
ber  of  granulocytes  is  seen  to  occur  more  rapidly  than  the  lymphocytes. 
Thus,  in  the  Nagasaki  group,  the  average  vaHue  for  polys  was  in  excess  of 
normal  (3900  per  cubic  millimeter)  during  and  after  the  8th  week.  In  the 
case  of  the  Hiroshijoa  patients  the  polys  were  in  excess  of  normal  during 
and  after  the  9th  week.  The  actual  percentage  of  patients  from  each  city 
whose  absolute  poly  count  was  greater  tha.n  :3900  in  each  of  several  time 
perlods.is  shown  in  liable- 2^^  , 

,  -  •  p  ^  t  t  "  iTABLE  24  ■  ■  ,T'  -t-'r  " 

PERCENTAQE  OF  DIFFEREIBIAL  UDUNTS  IN  WHICH  THB'.  'IBSQLPTE ^  ^ 

.  :  :QF  ^ polys  was  more  than  3900.  . 

-  '  V:  (Exposure  Groups  A  &  b)  ’  \ 


HIROSHIMA  -  v\:  t 1 

^  J  T  IME  . 

'  ^  MAGASASr  /  ■ 

t  2-6;  weeks; 

,  9.4^  ;:  V- 

25.0^ ;  ' 

7-11  weeks) 

34.6^ 

) 

After- 12  ”) 

43.2^ 

in 
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The  average  absolute  niunbers  of  the  basophiles  and,  the  monocytes  var¬ 
ied  in  approximately  the  same  manner  as  the  polys.  The  behavior  of  the  stab 
forms  has  been  disregarded  in  this  disciisslon,  because  the  average  values 
for  this  type  of  cell  were  not  reliable  in  this  study. 

It  is  quite  apparent  tliat  a  general  reduction  in  the  absolute  numbers  of 
each  type  of  cell  occurred  after  irradiation.  This  is  the  constant  and  con- 
spictilous  feature  of  the  differential  counts  from  all  types  of  patients  with 
clinical  evidence  of  radiation  injiiry.  When  the  absolute  values  for  the  dif¬ 
ferential  counts 'of  a  group  of  patients  are  averaged  there  is  seen  to  be  a 
fairly  smooth  progression  of  values.  In  the  individml  eases,  however,  the 
percentages  often  varied  markedly  from  dwy  to  day.  The  situation  illxistrat- 
ed  in  Tables  21  and  22  is  quite  representative,  and  there  does  not  appear  to 
be  any  reason  to  present  any  of  the  several  small  series  of  differential 
counts  that  are  Included  in  some  of  the  clinical  reports.  All .show  the  same 
trends,  although  none  of  the  ones  that  are.  available  give  a  clear  indication 
of  the  length  of  tiiae  required  for  the  average  Ijaaphocyte  and  poly  covint  to 
return  to  normal  levels. 

Among  the  interesting  features  of  these  tables  are  the  serial  changes 
in  the  percentage  of  ©psinophlles  in  the  differential  counts.  Individual  in¬ 
stances  were  observed  where  the  eosinophlle  count  was  as  high  as  68^  and  in 
many  cases  the  values  were  in  excess  of  Z0%,  There  is  no  apparent  reason 
for  the  occurrence  of  higher  degrees'  of  eosinophilia  in  the  patients  from 
Nagasaki  as  compared  with  those  from  Hiroshima.  The  eosinophilia  \ias  stiodied 
by  Ueda  and  Mikaido  at  the  Shinkozen  Medical  Aid  Hospital  in  October  and 
November  (Appendix  4N,  25),  The  differential  couits  of  all  the  patients  ex¬ 
amined  were  divided  into  2  groups;  Those  with  more  than  10^  eosinophils. 
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and  those  with  less.  The  results  are  shown  in  Table  25.  It  can  be  seen 
that  the  incidence  of  eosinophilia  in  excess  of  10^  was  greatest  in  the 
group  with  the  clearest  evidence  of  radiation  injtary.  It  is  shown  in  the 
section  of  the  bone  narrow  that  in  many  of  the  tissues  obtained  during 
October  (i.e.,  8th  to  12th  week),  eosinophilia  was  a  comon  finding.  The 
significance  of  this  temporary  condition  is  not  known.  Studies  of  pa-' 
tients  receiving  Roentgen  therapy  have  shown  blood  eosinophilia  frequently. 
There  is  general  agreement  in  the  reports  in  the  literature  that  the  proportion 
of  these  cells  nay  range  from  10  to  25  per  cent  during  the  period  of  several 
weeks _af tor  treatment.  The  reasons  for  the  larger  percentages  in  the  bombed 

patients  remains  to  be  determined, 

TABLE  25 

NAGASAKI  - 


MODERATELY  SEVERE  AND  MILD  CASES 
Incidence  of  Blood  Eosinophilia 


TYPE  OF  PATIENT 

NUMBER 

E0SIN0PHILL4 

IN  EXCESS  OF  10^ 

MAXIMUM 

EOSINOPHILIA 

OBSERVED 

Number 

Per  Cent 

Per  Gent 

Radiation  injury  vdth 
epilation. 

50 

38 

75 

39^ 

Patients  without  i 
epilation, ^ 

297. 

.V:  130  . 

5A% 

Uninjured  residents  of’ 
Nagasaki  ,  , 

■  20-'  - 

■  ■40  '-  '  / 

■  .  22% 

Controls  from  out-  ; 
side  the  city,  . ^ ' : 

.’W 

:  ?  3/’- 

;  “  20  ’ 

■ 

^ome  ’of  these  patients  had*  clinical  evidence  of  radiation  injurj’',  others 
had  "only"' wounds  and/or  burns.  The  tabulation  is  unsatisfactory  because  . 
precise  criteria  for  the  diagnosis,  of  •radiatioh  injury  had  not  been  formu¬ 
lated,  ^ 
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MORPHOLOGY 


The  most  constant' ahnormality  of  the  morpholos^  of  the  leukocytes 
on  the  stained  blood  fi3jiis  of  patients  with  the  syndrome  of  radiation  in- 

i 

juiy  during  the  period  of  recovery  was  seen  in  the  neutrophils.  Marked  tox¬ 
ic  granulation  and  even  occasionally  toxic  vacuoles  were  observed.  This 
finding  can  undoubtedly  be  attributed  in  part  to  the  infections  which  occurred 
in  almost  all  patients.  As  might  be  expected,  a  progressive  shift  to  the 
right  was  seen  as  recovery  progressed.  The  failure  of  this  to  occur  or  the 

persistence  of  the  left  shift  of  the  early  stages  was  observed  in  patients 

/ 

whose  convalescence  was  protracted  or  unsatisfactory. 

The  ordinary  lymphocytes  of  the  blood;  the  small,  medium-sized  and 
large  forms,  did  not  display  any  morphologic  alterations.  An  abnormal -appear¬ 
ing  lymphocyte,  however,  was  seen  in  a  considerable  niunber  of  the  cases. 

This  cell  had  the  general  appearance  of  the  atypical  l3nnphocytes  which  are 
seen  in  infectious  mononucleosis.  It  was  large  with  a  variable  type  of  cyto¬ 
plasm,  some  had  abundant,  non-granular,  palely  basophilic  cytoplasm  which 
tended  to  stain  a  deeper  blue  at  the  margin.  In  others  the  cytoplasm  was 
-more  generally  basophilic,  often  flocculent  and  in  some  cases  contained  vacu¬ 
oles  and  azure-filled  granules.  The  nucleiis  was  comparatively  snail  in  re¬ 
lation  to  the  size  of  the  cell,  was  excentrically  located,  and  was  rarely 
indented.  The  chromatin  was  arranged  in  rather  coarse  bimdles  and  there  was 
little  contrast . in  color  between  it  and  the  parachromatin.  The  general  ap¬ 
pearance  of  the  nucleus  was  homogeneous  and  nucleoli  were  rarely  seen.  A 
similar  type  of  cell  was  observed  in  smears  of  marrow  obtained  at  biopsy  in 

approximately  one -half  of  the  preparations  from  Hiroshima  and  one -third  of 

■  'i 

the  preparations  from  Nagasaki.  In  one  series  of  cases  where  the  percentage 


ft 


of  these  abnormal  lymphocytes  was  recorded,  they  v;ere  observed  in  the  blood 
smears  of  approximately  one-fourth  of  the  patients.  The  details  of  the  obser¬ 
vation  are  shown  in  Table  26.  In  this  table  the  group  labeled  "No  Radiation" 
was  formed  on  the  basis  of  tentative  criteria  used  during  the  study  in  Japan, 
Since  more  than  two-thirds  of  these  patients  were  severely  burned,  as  shown 
by  the  fact  that  they  were  still  in  the  hospital  in  October,  the  presumption 
is  strong  that  many  of  them  were  examples  of  the  moderately  severe  or  mild  form' 
of  radiation  sickness.  !In  a  group  of  over  50  control  subjects  no  cells  of  the 
type  referred  to  here  as  abnormal  lymphocytes  v/ero  seen.  Typical  examples  of 
the  abnormal  lym.phocytes  are  shown  in  Figures  4>  5  and  6.  The  significance  of 
the  finding  of  these  cells  is  not  known  with  certainty.  In  view  of  the  pres¬ 
ence  in  the  bone  marrow,  spleen  and  lymph  nodes  of  similar  cells,  it  is  not 
unexpected. 

TABLE  26 
■  NAGASAKI 

RECOVERING  SEVERE;  MODERiiTELY  SEVERE;  MLD  CASES 

INCIDENCE  OF  ABNORMAL  LYMPHOCYTES  IN  THE 
STAINED  BLOOD  FILM 


NUMBER  OP  PATIENTS 

NUMBERS  WITH  ABI'TORI-ffiL  LBIPHOCYTES 

With  diagnosis  of 

Radiation  Sickness- 

,204 

66 

With  no  diagnosis  of 
Radiation  Sickness 

177 

29 

Totals 

381 

: .  ^  95  -25^’ 
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Monocytes  were  normal  in  appearance.  It  wa:s  a  matter  of  some  interest  that 
monycytosis  was  not  observed.  It  was  expected  by  some  of  the  observers,  who  rea¬ 
soned  from  analogy  with  the  agranxilocytic  angina  of  the  SchiLl.t2  tjrpe  where  mono¬ 
cytosis  is  a  distinctive  feature  of  the  recovery  stage.  An  occasional  histocyte 
was  seen  in  some  of, the  blood  films,  one  example  of  which  is  shoTO  in  Figure  6. 

In  view  of  the  large  number  of  these  cells  in  the  marrow,  the  escape  of  a  few 
into  the  blood  is  not  unussual. 

Plasma,  cells  were  seen  in  many  instances  but  usually  in  small  numbers,  one 

V. 

or  txTO  per  100  white  blood  cells.  These  cells  also  were  present  in  large  num¬ 
bers  in  the  marrov;,  spleen,  lymph  nodes  and  other  tissues  of  the  irradiated  pa¬ 
tients,  and  the  appearance  in  the  circulating  blood  of  small  numbers  of  them 
should  occasion  no  surprise, 

SUMMARY 

After  exposure  to  injiirious  amounts  of  gamma  radiation,  the  leukocytes  of 
•  the  circulating  blood  undergo  a  typical  series  of  changes;, 

1,  In  the  patients  who  received  definitely  lethal  doses  of  gamma  rays,  a 
leukopenia  of  1000  per  cmm  or  less  may  be  apparent  within  24  to  36  hours  and  be¬ 
come  progressively  more  marked  xmtil  death.  The  white  cells  may  completely  dis¬ 
appear  from  the  circulation  and  white  cell  counts  of  less  than  500  per  cmm  v/ere 
the  rule. 

/ 

2,  In  patients  who  received  amounts  of  gamma  rays  which  approximate  the 
ID-50  (the  more  severe  cases  of  :  the  .classifpation  in  Table  l).,  the  leulcocyte 
count  declined  slowly  after  iiradiation  arui,  reached  the  minimum  level  during 
the  3rd  to  4th. weeks.  In ^the  fatal  eases  the  counts  fell  to  less  than  500  per 
cmm  in  more  than  one-half -of  the  patients  -  bef  ore  death  occiorred,  -  In  those  who 
survived,  the -depletion  was: less  profound  arid  counts  below  500  were  observed 
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in  only  a  few  patients.  In  the  survivors  the  lowest  white  counts  generally 
occurred,  in  the  foxirth  week. 

3.  In  the  patients  who  received  definitely  suhlethal  doses  of  gamma 
rays,  the  leukopenia  occurred  hut  the  average  count  in  the  4th  week,  when 
the  lowest  level  was  reached,  ranged  from  15OO  to  25OO  per  cmm.  In  this 
type  of  patients,  white  cell  coxints  helow  approximately  I50O  were  not  seen. 

4.  The  length  of  time  required  for  the  white  count  to  return  to  normal 
levels  was  about  4  weeks  on  the  average  for  the  patients  of  either  class  who 
recovered. 

I 

5.  The  differential  count  revealed  that  lymphocytes  were  reduced  in 
absolute  nvimbers  from  the  time  of  the  first  observation  (2-4  weeks)  \intil  ap¬ 
proximately  the  12th  week.  The  polys  were  also  reduced -in  absolute  nixmbers 
from  the  onset  voatil  approximately  the  8th-9th  week  when  the  average  value 
returned  to  normal.  A  shift  to  the  left  of  the  granulocytes  was  present  early 
in  the  course  of  the  disease. 

6.  There  was  no  blood  picture  which  could  be  called  pathognomonic  for 
any  stage  of  the  disease. 

7.  The  average  percentage  and  the  absolute  numbers  of  eosinophils  in¬ 
creased  during  the  8th- 12th  week;  and  percentages  as  high  as  68/0  were  reported. 


Blood  Platelets 


The  amoimts  of  X-rays  that  are  used  in  therapy  seldom  have  any  serious 
influence  on  the  nmber  Of  platelets  in  the  circtilating  blood  although  oc¬ 
casional  cases  have  been  reported  where  a  thrombocytopenic  purpura  was  ap¬ 
parently  produced.  In  experimental  animals  only  a  few  investigators  have 
observed  a  marked  or  prolonged  effect  on  these  elements.  In  one  series  of 
experiments  v/ith  dogs  exposed  to  an  amount  of  Roentgen  radiation,  approxi¬ 
mately  equivalent  to  twi|3e  the  LD-50  for  dogs,  (l)  the  platelets  were  vir¬ 
tually  eliminated  from  the  blood  and  purpura  was  comraencing  at  the  time  of 
death,  7  to  11  days  after  irradiation.  In  human  beings  receiving  Roentgen 
■theraji^r,  the  platelet  count  is  frequently  considerably  increased  a  week  or 
two  after  treatment  and  for  this  reason  some  radiologists  have,  used  X-rays 
in  the  treatment  of  thrombocytopenia  of  various  sorts.  Because  of  the  small 
amount  of  information  in  the  literature  on  the  behavior  of  thrombocytes  in  ' 
subjects  receiving  large  doses ■ of  ionizing  radiation,  the  changes  which  oc¬ 
curred  in  the  Japanese  were  of  considerable  interest. 

(l)  Very  Severe  Cases, 

Platelet  counts  were  recorded  for  only  2  of  the  cases  of  this  type 
studied  in  Hiroshima.  They  were  both  made  on  the  6th  day  and  were  performed 
on  patients  who  died  on  the  8th ' and  i^th  days  respectively.  '  The.  total  nimiber 
of  platelets  per  cmm  were;’.  87,400  and  64>5Q0,  Cutaneous  piurpura  was  hot 
present  , in  either  .case.  Among  .20  patients  . in  one  series  with  the  very  se¬ 
vere  form  of  the  syndrome  of  radiation  sickness  who  died  during -the  first 
10 . days . after  the  bombing,  cutaneous  purpura  was  recorded  in  only  one,  '  The 
amount  of  pxirpura  evident  in  the  viscera  at  autopsy,  however,  was  variable 
and  was  seen  with  different  frequencies  in  the.  various  autopsy  series  from 
(1)  Shonse,  Warren  &  Whipple,  loc.  cit. 
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each  city. 


(2)  Severe  Cases. 

Extreme  thrombocytopenia  was  one  of  the  striking  characteristics 
of  the  syndrome  in  the  severely  affected  patients.  The  most  usefiil  data  on 
the  occurrence  of  this  finding  is  included  in  the  Nakao  report.  In  the  group 
of  fatal  cases,  platelets  were  counted  at  some  time  in  the  period  of  the 
third  to  the  sixth  week  in  14  of  the  25  patients  --  (see  table  27),  Twelve 
of  the  14  were  found  to  have  fewer  than  25,000  platelets  per  cmra.  In  the 
group  of  29  non-fatal  cases  of  the  severe  type,  platelet  counts  were  performed 
on  24  diuing  the  same  time  period.  Five  of  these  24  counts  were  lower  than 
25,000  per  cma.  The  distribution  of  all  these  counts  is  shown  in  Table  28, 
Among  the  patients  with  the  severe  type  of  radiation  injury  studied  at  the 
Kyushu  Imperial  University  (Kustinoki  Clinic)  11  of  17  had  platelet  counts  lass 
than  lOOyOOOj  and  7  of  17  were  less  than  25,000.  The  4  fatal  cases  were  in 
this  latter  group. 

A  severe  hemorrhagic  state  with  purpura,  melena,  epistaxis,  hematuria 
and  metrorrhagia  developed  in  mai^  of  the  patients.  This  situation  is  des¬ 
cribed  in  detail  in  the  clinical  section.  It  is  unfortunately  true  that  any 
attempt  to  demonstrate  a  relationship  between  the  degree  of  thrombocytopenia 
and  the  hemorrhagic  state  islh'ampered  by.; the  fact  that  in  general  platelet 
counts  were  only  performed  on  patients  with -purpura.  There  is  no  doubt,  that 
patieiits  with  ptrrpura' had  tlrrpmbocjrtopenia,'  but  there  is  no  large  amomt  of 
data  on  the  platelet  counts .of  urradiated- patients  who  did  not  have  clinical 
purpura.  It  seems  reasonable  to  say  that,  the  hemorrhagic  manifestations  were 
associated  with,  or  occurred-  concurrehtly*  with  the  thrombocytopenia,  it  is 
not  possible  to  state  the  de^ee  of  thromboc;^openia  v/hich  was  invariably 
associated  with  purpuraj  or  for  how  long  a  period  of  time  thrombocytopenia 
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existed  before  the  appearance  of  purpura, 

(5)  Moderately  Severe  or  Mild  Gases, 

'  The  rate  of  return  of  the  platelet  co\int  tovards  normal  cannot  be 
cited  for  any  group  of  patients  but  a  number  of  series  of  cases  are  available 
where  platelet  counts  were  made  at  different  periods  of  time  after  the  bomb¬ 
ing.  There  is  a  high  degree  of  variation  in  the  results,  part  of  ^^rhich  may  be 
due  to  the  technical  methods  used  and  part  of  which  is  undoubtedly  exp3.ainable 
on  the  basis  of  the  sampling.  The  case  records,  (See  table  12  and  13)  give 
one  a  fair  idea  of  the  rate  of  recovery  in  tjrpical  instances.  In  Table  29  are 
listed  4  series  of  patients  showing  the  percentage  of  cases  in  which  the  plate¬ 
let  counts  were  less  than  150,000  (approximately  one-half  the  average  normal 
values)  at  the  time  of  the  st'udy.  The  values  for  the  Sawada  Clinic  are  open 
to  question  for  it  was  observed  that  all  the  thrombocyte  counts  performed 
there  were  approximately  50  per  cent  higher  than  the  usual  values.  The  other 
series  are  probably  quite  reliable.  Distribution  of  blood  platelet  counts  for 
the  Hiroshima  series  for  October  and  November  is  shoxm  in  Table  30,  In  Table 
31  the  averages  for  platelet  counts  performed  in  the  Qmura  Naval  Hospital  in 
October  and  November  (10  to  15  weeks  after  the  bombing)  on  3  classes  of  pa¬ 
tients  are  listed.  ,  The  tabulation  demonstrates  that  in  persons  with  definite 
radiation  sickness  the  average  number  of  thrombocytes  is  less  than  in  the 
group  of  patients  convalescing  from  wounds  and  in  whom  there  was  some  doubt 
whether  they  had  ever  been  injured  by  the  gemma  radiation.  None -of  this  in¬ 
jured  group  had  been  burned  or  had  epilated.  None  had  been  found  to  have 
white  counts  less  than  4000  and  none  had  ever  experienced  any  of  the  character¬ 
istic  symptoms  of  radiation  sickness.  In  spite  of  this,  it  is  apparent  that 
the  mean  platelet  count  in  this  group  is  less  than  one  wotild  expect  in  a 
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group  of  wounded  pei’sons,  A  hemorrhagic  tendency  occurred  in  the  moderate¬ 
ly  severe  and  mild  types  of  cases  hut  to  a  less  striking  extent  than  in  the 
severe  group.  The  details  of  the  purpuric  manifestations  in  this  sort  of 
patient  are  presented  in  the  clinical  section. 

(U)  Morphology. 

There  do  not  appear  to  be  any  changes  in  the  morphology  of  the 
blood  platelets  in  the  patients  with  gamma  ray  injury. 

SUMMARY 

1.  After  exposure  to  large  doses  of  gamma  rays,  the  blood  platelets 
are  decreased  in  number. 

2.  Thrombocjrtopenia  was  present  to  a  significant  degree  within  one 

week. 
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TABJJ)  27 

riinTwi  ttiim  ini»n  »!*■ 


4200 

4500 

5200 

7700 

8S00 

10400 


SEMS  CASijB ,  fh'UL 
■  3X^00  KLATiaLE?  COUJ^T  mi  im 
(HIKC6HIMA) 

M..^a.6thj5igek 

15,800 

22,900 

23,000 

23,20fJ 

34,200 

68,200. 


T/iBIB  28 

SEVERE  CASEJ5 ,  NON-FATAT. 


DISTRIBUTION  CF  BLCCD  PI./^TELF.T  r.n?MT5t 
(HIRGSHm) 


Lose  than  50,0<X) 

50.100- .100,000 

100.100- 150,000 

150.100-200,000 


Bfore  th-an  200,000 


3.1'd.  to  6th  week 

T - T-  ■linwillin— - If^ 

IIJ;- 


Total 


5 


5 

1 

2 

24 


*5  of  these  coxaits  were  less  than  25,C00/m5 
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TABLE  29 


CONVALESCENT  SEVERE.  MODERATELY  SEVERE  AND  MILD  CASES 
INCIDENCE  OF  PUTELET  COUNTS  BELOW  150^000 


DATE  OF  STUDY 

PUCE  NO. 

EXAMINED 

NO.  'WITH  PUTELETS 

1 

15-30  September 

Nagasald. 

(Sawada  Clinic) 

18 

BELOW  156,006 

- 5 - 

36 

Ootober-November 

Hiroshima 

28 

16 

37 

October 

Nagasaki 

(Omura  Naval  Hospital) 

90 

3li 

38 

November 

Nagasaki 

(Oraura  Naval  Hospital) 

66 

16 

25 

All  October,  November 
Cases 

I81i 

66 

36^ 

TABLE  30 

C0NVALE5CERT  SEVERE,  MODERATELY  SEVERE  AND  MILD  CASES 
DISTRIBUTION  OF  BLOOD  PUTELETS  IN  OCTOBER  AND  NOVEMBER 

HIROSHIKA 


Less  than  50,000  2 
50,100-100,000  8 
lOOPDO-150,000  8 
150,100  -  200,000  5 
Over  200,000 

Total  28 
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TABLE  31 


COMVALESCEM’  SEVEBE.  MODEBATELY  SEVEBE,  AM)  MILD  CASES 

AVEEAGE  PLATELET  COUBTS.  OCTOHEE  -  HOVEMBEB 
OMUEA  NAVAL  HOSPITAL  . 


NAGASAKI 


BLOC®  PLATELETS 


CLASS  OF  PATIENT 

NUMBEE 

AVEEAGE  COUNT 

1.  Eadiation  Sickness  only* 

11 

187,000 

2.  Eadiation  Sickness  plus 
burns  and/or  wounds 

90 

176,000 

3.  Wounds  only** 

55 

213,000 

■*These  patients  had  no  other  injury  except  by  gamma  rays. 

**These  patients  were  all  inside  heavy  buildings  and  the  majority  were 
farther  than  I5OO  meters  from  the  bomb.  None  had  bums  or  any  character¬ 
istic  symptoms  attributable  to  gamma  ray  injury. 
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BLEEDING  TIME.  CLOTTING  TIME.  AND  CAPILLARY  FRAGILITY. 

(1)  Very  Severe  Cases, 

There  are  no  records  available  of  the  bleeding  time  and  clotting 
time  of  patients  who  died  during  the  first  two  weeks  after  the  bombing.  In 
some  of  the  clinical  records  there  is  evidence  that  a  hemorrhagic  tendency 
was  developing  in  this  class  of  patients.  In  a  group  of  20  patients  of  this 
type  onDy  one  developed  purpura  prior  to  his  death, 

(2)  Severe  Cases. 

The  severe  purpura  that  occwred  in  cases  of  this  type  prompted 
the  attending  physicians  to  measure  the  bleeding  time  and  the  clotting  time 
in  many  instances.  Unfortunately,  much  of  the  data  were  incomplete  and  were 
not  suitable  for  einalysis.  An  adequate  investigation  of  any  patient  with,  a 
hemorrlmgic  state  should  include  the  following  tests,  if  a  precise  diagno¬ 
sis  is  to  be  made: 

1.  Bleeding  time. 

2.  Clotting  time. 

3.  Prothrombin  time. 

4.  Description  of  the  retraction  of  the  clot. 

5.  Estimation  of  plasma  fibrinogen,  total  plasma  protein,  sertnn  cal¬ 
cium  and  plasma  ascorbic  acid. . 

6.  Determination  of  capillary  fragility  by  the  Rumpel-Leede's:  method, 
or  by  some. vacuum  method  of  producing  petechiae. 

There' are  no  case  recorda  available  where  all  those  studies- were  per¬ 
formed  on  a  single  patient,!  Or  eyen-in  a  small  group  of  patients,  '  Actually, 
all  the  tests  except  the  pi’othrombin  time  were  performed  bn.  some  series  of 
patients,  SO  that  a  composite  result  is  available..  The  chemical  s  tudies 
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were  performed  on  a  mixed  group  of  convalescent  severe  cases,  and  convales¬ 
cent  moderately  severe  cases  and  vail  be  mentioned  in  the  appropriate  sec¬ 
tion, 

A  series  of  cases  which  illustrate  the  features  of  the  hemorrhagic  state 
is  shovm  in  Table  32a.  These  patients  were  studied  by  a  group  of  hematolo¬ 
gists  from  Kumamoto  Medical  College  and  were  selected  for  study  on  clinical 
grounds. 


TABLE  32a 

I\1AGASAKI 

N 

SEVERE  GASES  -  4-8  SEPTEMBER 
STUDI  OF  HEMORRHAGIC  TENDENCY 


Total  White  Cell 

Count:  Less  than  1000 

RUMPEL-LEEDE'S 

BLEEDING  TIME 

CLOTTING  TIME 

W.B.C. 

EPILATION 

/ 

28 '00” 

13*30” 

100 

/ 

/ 

23 '00” 

12*30'' 

250 

- 

/ 

30»00” 

16*30” 

350 

/ 

/ 

13 '30” 

13 '30” 

550 

/ 

/ 

30 '30” 

15'00" 

550 

/ 

/ 

22 '30” 

15 '30" 

850 

- 

— 

20 '00" 

12*30” 

300 

— 

17'00 

15' 00” 

500 

/ 

- 

16»00" 

14' 00" 

650 

- 

24'30" 

—  — 

650 

/ 

- 

19»30" 

20*30" 

675 

/ 

- 

26 '30” 

10*30" 

800 

/ 

- 

20»00 

S'sb" 

850 

- 

— 

3'30'' 

White  Cell  Counti 

:  1000  -  2000. 

,  900 

■  — 

16»30"  ; 

1050 

111301'  ^ 

12*30" 

1450 

/ 

/ 

-  .  , 

6'30" 

12*30" 

1700 

- 

lO'OO"  ■ 

14' 00” 

1900 

/ 

—  ■  ^ 

4' 30”  ; 

11*30” 

1900 

/ 

White  Cell  Count; 

:  2000  -  3000.. 

-  . 

F'30"  : 

13 '00" 

2400 

- 

'  7'00"  :  - 

9*00" 

2500 

— 

5*00” 

13 *00" 

3000 

Only  the  most  severely  affebted  were  included  in  this  group.  The  special 
tests  were” carefully,  performed.  The  Rumpelr-Leede’ s  phenomenon  was  sought 
after  a  tourniquet  had  been  applied  for  3  minutes.  Bleeding  time  was  measured 
by  Dtjke’s  and  the  normal  value  for  Japanese  was  said  to  be  from  3-5 
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minutes.  Clotting  tims  was  measured  by  the  Sahli-Fonip  method;  and  normal 
values -in  Japanese  .range  from  6-10  minutes.  Unfortunately,  platelete  counts 
were  not  made  on  this  group;  'but  the  reader  may  recall  the  distribution  of 
low  values  in  Tables  27. and  28  where  15  of  36  cases  had  platelet  counts  of 
less  than  25>000  per  cubic  millimeter;  and  only  3  of  36  were  higher  than 
150,000,  Table  32a  illustrates  the  marked  variability  of  the  various  factors, 
as  well  as  the  important  facts  that  both  the  bleeding  time  and  the  clotting 
time  are  prolonged;  and  that  the  Rumpel-Leede’ s  phenomenon  does  not  appear  to 
be  closely  related  to  any  single  factor.  In  Table  32b  examples  of  the  mea¬ 
surements  of  bleeding  time  of  patients  in  the.Ono  Hospital,  Hiroshima.  This 
tabulation  demonstrates  the  inconstant  character  of  the  changes  in  bleeding 
time, 

TABLE  32b 
HIROSHIM  . 

SEVERE  CASES  30th  -  34th  DAY 
Study  of  Hemoirhagic  Tendency 


Total  White  Cell  Count;  Less  than  1000, 


BLEEDING  TDIE 

WBC 

EPILATION 

CAPILLARY  RESISTANCE* 

16 *30" 

540 

•m 

2  >30" 

600 

/ 

15' 30" 

625 

6'  00" 

850  ' 

White  Cell  Couiit ; 

1000^2000.  . 

4' 30" 

1050 

.  ;  ^  .■ 

‘  2»oo»  : 

1100 

■ ' ^ -■  "  "  ,  ■■ 

'^--180 

'  7' 00" 

1200  ■- 

.  ..  >.'•  'J- .  ■  r  . 

2'00" 

■1425;- 

■■■”  •'/  '  ■■  ^  ■ 

v  ■  \  -250  '  '  / 

4*30" 

1600 

•  /;  ■  .  -240  . 

,  3*30" 

1900  ' 

3 *30"  .-r  --  ' 

1950. 

;  -270 

White  Cell  Count  ;"- 

"‘  2000;-  3000'  • 

.  4«00"' 

;;2040  . 

:.3'30"> 

.2240  ; 

■‘•r  -  - '  -i.  ■  «— ■  '•;  ■ 

V  ^^*00"'  : 

2850 

12'00"  t 

•2300 

— 

2'00'j 

2475 

"  '  ■  -240 

*In  mm  Hg  negative  p^essTore,  to  produce  petechiae. 
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An  interesting  study  vas  made  in  the  I  Medical  Clinic,  Kyushu  Imperial 
University,  where  the  hemorrhagic  tendency  in  7  patients  with  the  non-fatal 
form  of  severe  radiation  injxiry  was  tested  serially  over  a  period  of  5  weeks. 

In  this  clinic  the  clotting  time  was  measured  by  the  capillaiy  tube  method., 
normal  values  for  which  were  said  to  be  3*00  to  4*00.  The  results  are  shown 
in  Table  33- 

TABLE  33 

NAGASAKI 
SEVEBE  CASE 

STUDY  OF  THE  HEMOBBHAGIC  TENDENCY  (7  Patients) 

AVIEAGE  VALUES 

WEEK  AFTER  PLATELETS  BLUING  bLOTTING  TD^  CAPILLARY  ERAGILITY 

B.PiffiING  TIM  IHERACLAVICULAR  INNER  ASPECT 


4 

105,000 

12*45" 

6*30" 

-EB.GlI0N 

16.0 

.0X.i^I 

16.5 

5 

81,300 

8*20" 

6*45" 

17.3 

16.6 

6 

90,800 

4*00" 

5 ’30" 

18.8 

19.6 

7 

82,000 

2*45" 

5 ’15" 

22.0 

22.2 

8 

75,000 

3*00" 

4*30" 

23.5 

23.5 

Normal .  .  - 

(250,000 

2*00" 

3 ’00" 

- 

(more  than 

(300,000 

3 '00" 

4*00" 

Approx. 

(25-26 

The  capillary  fragility  was  measured  by  a  vacuum  device,  and  the  results  are 
recorded  in  units  of  negative  pressure,  presumably  centimeters.  In  this 
group  of  patients,  only  1  of  the  7  had  a  positive  Rumpel-Leede 's  test. 

There  is  no  question  of  the  fact  that  a  hemorrhagic  state  was  a  charac¬ 
teristic  feature  of  the  severe  type  of  the  syndrome  of  radiation  injury.  Un¬ 
fortunately,  the  clinical  laboratory  data  which  are  available  were  not  suf¬ 
ficiently  adequate  to  permit  a  description  of  the  degree  of  abnormality  of  the 
various  tests.,  which  might  be  used  in  studying  such  states.  It  is  also  not 
possible  to  characterize  accurately  the  type  of  purpura  which  developed  in  the 
irradiated  pati«irt's.  Accepting  the  incomplete  information  at  its  face  value, 
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there  appears  to  he  a  close  resemblance  to  the  so  called  toxic  or  secondary 
thrombocytopenic  purpura. 


(3)  Moderately  Severe  and  Mild  Cases. 

Even  less  reliable  information  is  available  on  the  less  severely 
affected  patients.  The  records  frequently  include  reference  to  the  occur¬ 
rence  of  petechiae  or  to  gingival  bleeding  but  there  are  few  systematic  re¬ 
ports  of  laboratory  studies.  By  the  time  the  Joint  Commission  arrived,  no 
instances  of  purpura  were  observed  except  in  moribund  patients,  most  of  whom 
were  dying  from  infection  of, ‘some  sort.  One  group  of  12  patients  were  studied 
in  the  Misao  Clinic.  These  were  classified  as  ’’average"  on  the  basis  of  the 
fact  that  the  symptoms  were  less  severe  and  appeared  somewhat  later  after 
the  bombing  than  was  the  case  with  the  patients  listed  in  Table  3^-  The 
average  blood  counts  in  this  "average"  group  in  the  5th  week  after  the  bomb¬ 
ing  were : 

Hgb  -  60^;  BBC  -  3*09  million;  WBC  -  I87O;  Platelets  -  150,000; 

Reticulocytes  -  0.5^^. 

TABLE  34 

AVERAGE  CASES  (KAGASAKI) 

STUDY  OF  THE  HEMOBBHAGIC  TEM)EMCY  (12  Patients) 

■  •  CAPILLARY  FRAGILITY 


WEEK  AFTER 
BOMBING 

PLATELETS 

BLEEDING 
TIME  ; 

CLOTTING 

TIME 

INTEACIA.VIC- 
ULAB  BEGION 

INNER  ASPECT 
OF  ABM 

4 

121,600 

4M5" 

5 ’30" 

17.5 

19.0 

5 

148,000 

3130"  - 

5  •00" 

20.4  . 

21.2 

6 

182,000 

3’15" 

5*00" 

-  22.7 

24.0 

7 

174,000 

3 '30"  , 

4»45" 

:  24.5 

25.1 

8 

200,000 

3 ’00", 

4*30" 

26.0 

26.0 

Only  one -half  of  these  patients  had  exhibited  fever  of  any  degree  and 
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all  of  them  recovered.  The  result  of  an  examination  of  them  for  evidence  of 
a  hemorfhagic  tendency  is  shown  in  Table  3^.  In  comparison  with  Table  33»  it 
can  be  seen  that  the  bleeding  time  and  the  platelet  counts  show  the  greatest 
difference;  and  that  in  this  particular  series  all  the  average  values  for 
bleeding  time  and  clotting  time  are  within  the  limits  of  normal.  None  of 
these  patients  had  clinical  evidence  of  purpura.  In  November,  i.e.,  later 
than  15  weeks  after  the  bombing,  the  bleeding  time,  and  clotting  time  (capillary 
tube  method)  of  30  patients  convalescent  from  radiation  injury  and  other 
injuries  was  measured  at  the  Omura  Naval  Hospital.  All  the  results  were  nor¬ 
mal,  and  the  longest  bleeding  time  observed  was’^’BO”.  The  longest  clotting 
time  was  3 ’15".  These  patients  were  all  members  of  the  group  cited  in  a  pre¬ 
vious  section..  The  average  platelet  count  for  this  class  of  patient  at  Omura 
was  176,000. 

SUMMAEY 

1.  In  the  severe  cases,  the  hemorrhagic  state  was  a  common  finding, 
which  was  probably  declining  in  frequency  and  severity  after  the  7th-8th  week 
after  irradiation. 

2.  It  appears  from  the  material  that  has  been  presented  that  in  the  mod¬ 

erately  severe  and  mild  cases  there  was  .Tittle  evidence  of  a  serious  hemorrhagic 
tendency,  ^  i  - 

3.  On  the  basis  of  the  laboratoiy  report  submitted  by  the  Japanese  it 

is  seen  that  the  hemorrhagic  state  in  pat.ients  with  the  syndrome  of  radiation 
in jury. closely  resembled  the  so-called  "toxic",  or  secondary  thrombocytopenic 
purpura.  ‘  •  .  '  '  ^ 
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5.5  6.0  6.5  7.0  7.5  8.0  8.5  9.0  9.5  10.0  10.5  II.O 

CELL  DIAMETER 


Fig.  1  (6) — Prlce-Jones '  curves  for  normal  control  subjects  from  Omura  City; 
and  for  20  patients  with  radiation  sickness.  See  Figure  2  (6).  (Photo  File 
#  HM  101.) 


NUMBER 
OF  CELLS 


X  S§rl§$ 


A  S§rt§9 


6.B  6.0  6.6  7.0  7.6  6.0  6.6  9.0  9.6  100  10.6 
CELL  DIAMETER 


Fig.  2  (6) --Price -Jones'  curves  for  two  groups  of  residents  of  Nagasaki: 
Series  A  had  no  clinical  evidence  of  radiation  disease.  Series  X  were  In  a 
part  of  the  city  completely  shielded  from  the  gamma  rays  by  the  hills.  (Photo 
Pile  #HM  102  .) 


5.5  6.0  6.5  7.0  7.5  0.0  8.5  9.0  9.5  10.0  105 

CELL  DIAMETER 


Fig.  3  (6) --Comparison  of  Frice-J ones'  original  normal  curves,  and  the  normal 
control  subjects  from  Omura  City.  (Photo  File  #  IJM  100.) 


isff 


Fig.  ,  5  (6)--Dohi,  20.  Female.  1100  meters.  Blood  film,  25  October  19^5, 
showing  abnormal  lymphocyte  X.  200.  Omiira  Naval  Hospital  Case  No»  3058. 
(Photo  File  #  HM  139K:.) 
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Fig.  6  (6) — Tuzinp,  17.  Male.  1100  meters.  Blood  film,  26  October  19^5# 
showing  histiocyte  (reticulum  cell)  and  abnormal  lym^ocyte.  X  1200.  Omiora 
Naval  Hospital  Case  No.  3058*  (Photo  File  #  NM  l40K.) 
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Section  7 


STITDIES  ON  SOME  OBTAINED  BY'  BIOPSY 

Prepared  by  George  V,  LeRoy,  Lt,  Col,,  MC 

Data  Collected  by  George  V,  LeRoy,  Lt.  Col.,  MC,  Averill  A.  Liebow,  Lt, 
Col,,  MCi  Samuel  Berg,  Major,  MC,  K.  Wakao,  MD,  K.  Kishimoto,  M). 

B. 

General. 

The  examination  of  specimens  of  bone  marrow  obtained  by  biopsy  is  a  well 
established  practice  in  the  study  of  diseases  of  the  hematopoietic  system. 

The  technique  of  sternal  puncture  is  simple  and  comparatively  painless,  and 
is  seldom  follo\ired  by  serious  complications.  In  the  case  of  patients  suffer¬ 
ing  from  the  effects  of  large  amotints  of  gamma  radiation,  biopsy  of  bone  mar¬ 
row  yielded  material  which  coxild  be  used  by  the  clinicians  to  determine: 

a)  The  nature  and  extent  of  the  injury  to  the  bone  marrow;  and 

b)  The  stage  and  the  degree  of  regeneration  of  the  hematopoietic 

functions . 

A  combined  stiidy  of  bone  marrow  obtained  at  biopsy  and  at  autopsy  has  made 
possible  a  carefxil  cytologic  Investigation  of  the  manner  in  which  the  human 
tissue  reacts  after  destruction  of  the  definitive  cells  by  gamma  rays.  The 
large  number  of  specimens  obtained  in  Japan  has  afforded  a  unique  opportunity 
to  study  these  fundamental,  vital  processes  on  a  broader  scale  than  has  ever 
been  possible  with  human  Biaterial,  or  ever  attempted  with -lower  animals.  The 
general  effect  of  gamma  rays  on  bone  marrow  is' well  known:  sufficiently  largo 
amounts  destroy  a  part‘  or  all.  of,  the  definitive  c’ellsv  The  consequences  of  this- 
are  reflected  in  the  blood  by  the  development  of  granulopenia,  and  anemia. 

Since  the  lymphopoietic  tissues  are  also  destroyed  by  such  doses  of  radiaticin 
delivered  to  the  whole  body,  extreme  leukopenia  occurs. 

In  the  case  of,  human  subjects,  the  scientific  literature  contained  no 
precise  information  .on  the  following: 

a)  The  amount  of  ionizing  radiation  required  to  destroy  all  the 
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definitive  elements  of  the  inafiow.  and  of  the  lymphatic  tissues. 

b)  The  amovint  of  ionizing  radiation  required  to  destroy  not  only 
the  definitive  elements,  but  also  the  mesenchymal,  or  reticulo-endothelial 
elements, 

c)  The  rate  at  which  definitive  cells  disappear  from  the  bone  mar¬ 
row,  the  lymph  nodes  and  the  blood  after  amounts  of  ionizing  radiation,  as 

in  (a) I  and  as  in  (bT. 

d)  The  rate  at  which  regeneration  of  any  of  these  definitive  ele¬ 
ments  proceeds  after  a  dose  of  ionizing  radiation  of  such  magnitude  that  it 
can  occur, 

e)  The  manner  in  which  a  new  marrow  develops  to  replace  the  tissue 
destroyed  by  ionizing  radiation. 

In  the  following  discussion  of  the  bone  marrow,  certain  points  of  view 
will  be  adhered  toj  and  it  is  well  to  present  them  at  this  time; 

a)  It  is  assumed,  and  with  good  reason,  that  there  is  a  close  para¬ 

llel  between  the  bone  marrow  obtained  by  biopsy  and  that  obtained  at  au¬ 
topsy  in  a  comparable  stage  of  the  reaction  after  irradiation.  In  the  prepa¬ 
ration  of  this  section  both  types  of  materia.1  were  sttidied,  and  the  conclusions 
that  are  offered  are  based  on  the  combined  study.  The  autopsy  specimens,  how¬ 
ever,  are  described  in  the  section  on  pathology  (See  Section  8)  because  it 
seemed  unreasonable:  td  divcirce;  the  hemtoppietic  system  .from  the  remainder  of 
the  tissues.  In  the  presoftt  section, ’ the  attempt  will  be  made  to  discuss  the 
marrow  in  a  manner  which- will  aid /clinicians  in  understanding  the  changes 
which  occurred.  a/ ,  "  .  'V'!/:  J 

b) '  It  is  assumed  that  the.  specimen  of  marirow  obtained  by  biopsy 
from  a  given  case  is  reasonabljr  representative  of  that  tissue  as  a  whole.  It 
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well  recognized  that  this  is  not  always  true;  and  it  la  possible  that  dis¬ 
crepancies  were  greater  than  usual  in  the  victims  of  the  atomic  bomb.  Never¬ 
theless,  the  amount  of  material  available  la  so  large,  and  the  responses  are 
so  consistent  that  no  useful  purpose  is  served  by  equivocation  of  this  sort. 

c)  There  should  be  no  question  of  the  propriety  of  a  joint  discus¬ 
sion  of  specimens  from  Hiroshima  and  Hagasakl.  Although  the  fissionable  ma¬ 
terial  in  the  two  bombs  was  different,  there  is  no  reason  to  think  that  the 
type  of  gamma  radiation  varied  significantly  in  quality.  The  effective  range 
for  gamma  ray  Injury  was  not  materially  different  in  the  two  cities.  In  any 
case,  the  discussion  which  follows  this  is  not  Important  because  the  major 
emphasis  will  be  on  the  type  of  reaction  rather  than  the  quantity  of  ionizing 
radiation  responsible  for  it. 

Material. 

The  following  material  was  available  for  examination: 


Hiroshima 

Bone  marrow  biopsies ...... .178 

Serial  biopsies . .  2h 


Bone  marrow  from  autopsies.  32  (approximately) 

In  spite  of  the  .fact  that' the  .Japanese  were  aware  of  the  fact  that  gamma  rays 
were  emitted  by  the  exploding  bombs ,  and  in  spite ; of  their  early  recognition 
of  the  syndrome  of 'radiation  injury,  few  specimens  of  marrow  were  obtained 
during 'the  first  three  weeks  after  the  bombing.  There  are  several  reasons 
for  this:  • 

a)  The  attending  physicians  were.  too.  busy  to  perform  biopsies  , 
and  the  value  of .  the  marrow' from  auto^isies  was  not  fully  appreciated. 

b)  During  the  first  few  weeks  most  of  the  doctors  were  Army  or 
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Navy  surgeons  nnd  proper  specimens  were  not  obtained  until  the  research  teams 
from  the  Medical  Schools  airrived, 

c)  The  military  surgeons  were  less  congenial  to  the  American  doc¬ 
tors  than  the  University  faculty  members.  The  latter  were  much  more  generous 
with  their  specimens  and  preparations. 

Whatever  the  reasons  were,  it  is  regrettable  that  the  material  from  the 
early  cases,  i.e,,  the  ones  whose  sickness  and  death  occurred  in  August  is 
relatively  scarce.  From  such  cases,  the  following  specimens  of  marrow  are 


available: 

Hiroshima  Biopsy, .2 

Autopsy . ,,7 

Nagasaki  Biopsy . ,,0 

Autopsy . 0 

Technical  Methods. 


The  specimens  of  bone  marrow  were  obtained  in  most  instances  by  sternal 
puncture  and  in  a  few  instances  by  pvincture  of  the  spinous  process  of  a  verte¬ 
bra,  The  Japanese  doctors  used  a  variety  of  needles  and  trephine  needles, 
but  in  general  seemed  to  prefer  the  simplest  arrangement.  One  physician,  Dr, 
MASUYA  of  Kyushu  Hjnperial  University,  obtained  marrow  from  fresh  cadavers 
using  a  carpenter’s  gimlet  and  a  small  needle  and  syringe.  The  amount  of  mar¬ 
row  that  was  aspirated  was  usi^ly  small,  and  the  slide  preparations  were 
quite  satisfactory  as  a  rule,  Ih  some  clinics  the  n\mber  of  erythrocytes  and 
nucleated  cells  was  counted,  but  this.was  not  done  generally.  These  slides 
were  ffeed  with  methanol  and  stained  with  dilute  Giemsa  stain.  The  biopsies 
that  were 'performed,  by  members  of  the  Joint  Commission  .were  done  in  a  similar 
manner,  With  the  exception-  that  Wright' a  stain  was  used,  and  then  the  film  was 
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counter-stained  with  Giemsa. 

NOIyENCLATURE 

The  science  of  hematology  is  complicated  by  the  various  systems  of  nomen¬ 
clature  that  have  been  introduced.  In  discussions  with  the  Japanese  doctors, 
an  effort  was  made  to  determine  which  system  they  employed  so  that  their  re¬ 
ports  and  clinical  records  of  early  cases  could  be  interpreted  properly.  For 
the  discussion  that  follows  it  is  desirable  to  present  the  nomenclature  vrhich 
will  be  employed j  and  in  the  case  of  the  cell  with  diverse  names,  the  cytolog- 
ical  description  of  it, 

(1)  Definitive  blood  cells;  This  term  is  applied  to  all  stages  of  the 
types  of  cells  that  are  found  in  noimial  blood.  It  is  used  specifically  for  an 
the  members  of  the  granulocytic  series,  the  erythrocytic  series  (excepting  the 
megaloblasts ) I  the  large,  medium-sized  and  small  lymphocytes  and  the  normal 
lymphoblasts  I  the  megaJcaryocytes  and  platelets  ,•  and  the  ordinary  monGcytea^ 

(2)  Reticulms  This  term  is  used  in  a  general  sense  to  include  reticulo¬ 
endothelial  cells  of  any  type,  macrophages,  histiocytes,  clasraatocytes ,  etc. 

In  a  narrow  sense  it  is  used  to  refer  to  the  e3.ongated  stellate  cell  with  non- 
granular  faintly  basophilic  gromd-glass  type  of  cytoplasm,  with  an  oval,  ves- 
icTilar  nucleus  and  small j  inconspicuous  nucleoli  which  appeared  in  large  Tnim- 
bers  among  the  fat  cells,  and  between  the  fat  cells  and  sinusoids,  and  within 
the  sinusoids  of  the  marrow.  Rounded,  free  forms  of  this  same  general  type 
were  also  designated  ret icul-um  cells, 

(3)  Reticiilar  elements;  This  term  is  used  in  a  general  sense  to  desig¬ 
nate  the  various  types  of  reticulum  cell  (as  in  2  above)  as  well  as  a  variety 
of  mononuclear  cells,  apparently  derived  from,  or  at  least  existing  in  close 
proximity  to,  the  reticulum,. 
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(4)  * Blasts;  This  term  is  used  for  cells  with  the  following  character¬ 
istics;  The  cytoplasm  is  homogeneous,  nongranular,  comparatively  scanty  and 
basophilic.  The  micleixs  is  generally  rounded,  but  no  significance  is  attached 
to  variations  in  shape  so  long  as  the  cliromatin  threads  are  of  fine  quality  and 
closely  packed,  The  nuclear  membrane  is  thin.  Nucleoli  are  considered  a  pre¬ 
requisite  for  the  diagnosis  of  ’blast.  No  significance  is  attributed  to  the 
number  or  shape  of  the  nucleoli.  No  effort  is  made  to  distinguish  "myelo¬ 
blasts"  from  "lymphoblasts"  or  from  "monoblasts",  The  use  of  special  names  for 
immature  types  of  ‘blast  has  been  avoided,  A  regulair  series  of  stages  inter¬ 
mediate  between  the  typical  'blast  of  normal  marrow  and  rounded  "free"  reticu- 
liaa  cells  was  encountered.  The  cell  is  designated  as  'blast  or  reticulvim  cell, 
depending  on  which  characteristics  preponderated, 

(5)  Promyelocyte;  This  term  is  applied  to  cells  with  the  general  speci¬ 
fications  of  the  'blast  (as  in  4  above)  which  have  non-specific  azurophile 
granules  in  the  cytoplasm. 

(6)  t^elocyte  ;■  This  term  is  applied  to  cells  which  contain  the  specific 
type  of  granulation;  neuti'ophilic,  eosinophilic  or  basophilic  as  well  as  the 
nonspecific  azurophile  granules.  In  practice  it  is  convenient  to  consider  that 
granules  which  are  seen  overlying  the  micleus  are  of  the  non-specific  type.  The 
nucleus  of  such  cells  is  generally  more  mature  with  coarse  bands  of  deeply 
staining  chromatin  and  prominent  nuclear  membranes. 

(7)  Metamyelocyte;  This  term  is  applied  to  cells  which  contain  only  the 

specific  granulation.  .indesit«itinn  of  the- nucleus  is  considered  a  desirable, 
but  not  a  necessary  characteristic,  -  . 

(8)  Stab  forms  and  Poly;  These  terms  are  applied  to  the  nonsegmented  and 
segmented  mature  granulocyte,  respectively. 


'(9)  Lymphocytes;  The  characteristic  small,  medim-sized,  and  large 
lymphocytes  that  are  seen  in  normal  blood  films  should  not  cause  any  special 
difficulty  in  identifica.tion.  There  is  little  likelihood  of  confusion  in  res¬ 
pect  to  these  terms, 

V 

(10)  Abnormal  Lymphocytes;  This  term  is  applied  to  a  series  of  mono  nude 
ar  cells  of  qiiite  distinctive  appearance,.  The  cells  are  of  various  sizes,  some 
as  small  as  10-15  microns,  others  as  large  as  35-40  microns.  The  cytoplasm  is 
abundant  and  homogeneous  and  contains  either  no  grandes  or  small  azurophilic 
one’s.  In  some  instances  the  cytoplasm  is  clear  and  glassy  with  only  a  faint 
tinge  of  basophilia,  which  tends  to  accumulate  as  the  periphery  of  the  cell. 

In  others,  the  cytoplasm  is  more  basophilic,  flocculent,  or  of  a  ground -glass 
appearance.  Vacuoles  are  infrequent,  except  in  cells  with  very  marked  baso¬ 
philia  (as  the  Tiirek-typc  cell).  The  nucleus  of  the  abnormal  lymphocyte  is 
also  variable  in  appearance,  but  there  appears  to  occur  a  definite  series  of 
types.  It  is  usually  round,  and  excentrically  located.  At  one  extreme  the 
chromatin  occurs  in  rather  large  clumps  or  threads,  and  there  is  so  little  con¬ 
trast  between  chromatin  and  parachromatin  that  the  nucleus  appears  homogeneous , 
At  the  other  extreme  the  nucleus  is  vesicular,  and  the  chromatin  occtrrs  in  a 
fine  meshvork,  and  there  is  somewhat  more  contrast  with  the  parachromatin.  Nu¬ 
cleoli-  are  small  and  inconspicuous,  and  the  nuclear  membrane  is  fine.  Jfe.ny 
of  the  cells  to  which  this  designation  is. applied  are  identical  in  appearance 
with  the  familiar  "atypical- lymphocyte"  of  infectious  mononucleosis.  The  di¬ 
versity  of  forms  is  even  greater,  however,  in  the  material  from  the  patients 
exposed  to  gamma  radiation.  In  some  instances.,  (see  below)  there  is  no  doubt 
but  that  typical  specific  myeloid  granulation  developed  in  the  cytoplasm  of  the 
"abnormal  lymphocyte."  When  this  type  of  cell  is  encountered,  it  is  designated 


V 


a  "iigrGlocyte,” 

(11)  Plasma  cells:  This  term  is  used  in  the  conventional,  manner  for  a 
whole  series  of  mononuclear  cells  varying  in  size  from  10  to  30  microns.  The 
cytoplasm  is  non-granulai*,  homogeneous  and  strongly  basophilic,  and  contains 
a  pale  region  or  a  vacuole  adjacent  to  the  nucleus.  The  nucleus  is  always 
round  and  contains  coarse  bands  of  dark  staining  chromatin,  often  arranged 
radially,  which  cc*Ctrasts  sharply  with  the  very  pale  parachromatin.  In  the 
golhg  forms,  one  or  two  small  pale  nucleoli  are  seen.  The  nuclear  membrane  is 
indistinct,  and  the  cells  frequently  contain  twp  or  more  nuclei.  In  general, 
any  cell  which  resembles  the  varieties  of  mononuclears  to  be  seen  in 
multiple  myeloma  is  called  a  plasma  cell, 

(12)  Monocytes .  This  term  is  used  in  a  conventional  sense  to  describe 
large  mononuclear  cells  with  abundant  pale,  basophilic,  lavender,  cytoplasm 
containing  a  variable  number  of  fine  azurophile  granules.  The  nucleus  is  often 
indented,  or  lobulated,  and  typically  has  a  folded  appearance.  The  chromatin 
occurs  in  moderately  fine  interlacing  threads,  relatively  widely  spaced  vmth 
dark  nucleolus-like  accumulations.  The  cytoplasm  of '  monocytfes  in  bone  marrow 
frequently  contains  vacuoles.  These  cells  often  presented  great  difficulty  in 
identification,  and  the  use  of  the  term  was  restricted  to  very  typical  examples 

(13)  Histiocyte;  This  term  is  applied  to  large  cells  with  abundant  finely 
granular,  palely  basophilic,  ground-glass  type  cytoplasm.  Phagocyted ’ pigmented 
particles'  and  cellular  debris  is  seen  in  many.  The  nucleus  is  oval,  vesiciilar, 
with  a  fine  nuclear  membrane  and  a  few  small  nucleoli.  The  presence  of  phag- 
ocytosed  material  in  a  large  cell  always  justified  the  designation  of  histio¬ 
cyte,  Obviously  similar , cells ,  but  vathout  phagocytosis  arc  similarly  la¬ 
belled,  These  cells  are  called  macrophages,  alternatively.  In  the  differen¬ 
tial  counts  all  the  reticiilar  elements  recognizable  as  such  are  included  in 
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tho  category  of  histiocytes.  In  the  discussion  that  follows,  histiocytes  are 
frequently  grouped  with  '^reticulum  cells". 

(14)  Nucleated  red  ceils.  The  decision  was  made  early  in  the  study  to 
classify  the  nucleated  red  cells  in  a  simple  manner.  Accordingly,  they  are 
differentiated  onlj'-  on  the  basis  of  whether  they  contain  hemoglobin:  normo¬ 
blasts;  or  do  not  contain  hemoglobin;  erythroblasts.  It  was  decided  to 
distinguish  megaloblasts ,  if  found,  in  this  manner:  Very  large  cells  v;ith 
abundant,  densely  basophilic,  nongranular  cytoplasm;  the  nucleus  is  round, 
relatively  small  in  proportion  to  the  cytoplasm,  has  an  indistinct  nuclear 
membrane,  a  rather  vesicular  nucleus  with  lacy  chromatin,  and  inconspicuous, 
large,  irregular  nucleoli.  The  type  cell  is  that  seen  in  pernicious  anemia 

in  relapse,  and  it  was  thought  that  typically  there  should  l^e  a  series  of  more 
mature  hemoglobin-containing  forms  with  the  characteristic  nucleus.  Largo 
basophilic  nucleated  red  Cells  were  seen  in  abundance  in  the  Japanese  material; 
but  in  no  case  were  all  the  criteria  for  the  designation  of  megaloblast  satis¬ 
fied.  It  seems  likely  that  in  these  preparations,  the  majority  of  cells  so 
namod  would  be  called  "pro-erythroblasts"  or  "pronormoblasts"  by  most 
hematologists. 

Tho  most  iramattire  stages  of  the  erythroblast  are  difficult  or  iiupossible 
to  differentiate  from  ‘blasts.  In  most  instances,  ihqwever,  the  basis  for  iden¬ 
tification  as  a  nucleated  red  cell,  (erjrthroblast)  is  the  greater  density  of 
the  basophilic  cytoplasm,  the  coarse  quality  of ^  the.  nucleus ,  the  raore  distinct 
nuclear  membrane,  and  the  smaller,  indistinct  nuclei. 

(15)  Megakaryocytes ;  The  tern  is  used  in  a  cpnventional  manner  and  the 

;  i  -  . 

identification  is  not  difficult  in  smear  preparations.  In  tissues,  however,  , 
multinucleoated  reticulum  cells  frequently  make  interpretation  a  problem. 
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Norml  Values. 


The  average  values  for  differential 

cell  counts  of  sternal 

marrow  ob- 

tained  from  noriml  Japanese  subjects  is 

presented  in  Table 

1. 

SLmilar  values 

for  Occidentals  are  offered 

for  comparison; 

TABLE  1 

JAPANESE 

OCCIDEI-ITAL 

AUTHORITY 

KOMIYA* 

MISAO* 

WINTROBS^-^'* 

Ifyeloblast 

1.8 

1.4 

2.0 

Promyelodyte 

3.8 

10.9 

5.0 

Neutrophil  myelocyte  - 

5.1 

8.7 

12.0  . 

Neutrophil  metajniyelocyte 

7.8 

12.0 

) 

) 

) 

22.0 

Neutrophil  stab  foimi 

16.6 

15.0 

•Neutrophil  polymorphonuclear 

20. 2 

11.9 

20,0 

Eosinophil  (all  stages) 

4. 2 

4.3 

3.5 

Basophil 

0.3 

0.5 

Lymphocyte 

16.8 

17.3 

10.0 

Monocyte 

3.1 

0.8 

.  2.0 

Histiocyte 

1.0 

0.2 

0,2 

Plasma  Cell 

- 

1.1 

0.4 

Erythroblast 

3.0  . 

6.1 

4,0 

Normoblast 

16.0 

10.0 

.18.0 

Total  Nucleated  Cells 

100,000 

100,000-150,000 

100,000 

>^eloid:Elrythr6id  Ratio 

3:1 

4:1 

3:1 

^Komiya-Text  book  of:  Hematology,  published  in  Japan. 

^*Misao,  T, -See 'appendix  ,  Reference  ,  This  is  a  useful  group.  The  study 
•was^made  in  1945 -of  28  normals,  for  comparison  with  the  findings  in  the 
patients  with  radiation  injury. 

***Wintrobe,  M.M.  "Cliniccil  Hematology,"  Plailadelphia,  Lea  &  Febiger,  1942, 
Page  44.  _ 
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Classification  of  the  material;  date  of  biopsy. 

In  a  general  review  of  the  biopsy  material  it  was  found  that  it  could  be 
grouped  conveniently  on  the  basis  of  the  time  of  collection.  This  distribu¬ 
tion  is  shown  in  Table  2. 


HIROSHIMA 

TABLE  2 

NAGASAKI 

DATE 

6  August 

Date  of  bombing 

9  August 

2 

During  August 

0 

33 

1-Ik  September 

11 

15-30  September 

6 

19 

October 

91 

15 

November 

24 

0 

December 

15 

8o 

Total 

178 

•Type  of  Patient. 

With  a  very  few  exceptions,  biopsy  of  sternal  marrow  was  only  performed 
on  patients  with  frank  clinical  evidence  of  radiation  injury,  or  on  those  in 
whom  it  was  a  reasonable  possibility.  For  that  reason  it  is  to  be  expected 
that  they  were  close  to  the  center  of  the  explosion.  The  distribution  of  the 
patients  in  relation  to  their  approximate  distance  from  the  bomb  is  shown  in 
Table  3.  '  \  / ' 

Total  Nucleated  Cell  Counts.  . 

Cotints  of  the  nucleated  cells  in  the  bone  marrow  obtained  by  aspiration 
biopsy  were  not  made  in  every  case.,  A  sufficient  number  of  representative 
ones-  are  available,  however,  to'  illustrate  the  trend  of  this  value  in  patients 
with  several  radiation  injuries.  (See  Table  .  The  normal  value  for  Japa¬ 
nese  is  100,000  to  1^0,000  per  cubic  millimeter. 
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HIEOSHIMA 

TABLE:  3 

PATIENTS  ■  DISTANCE  EROM  BOMB,  METE'ES 

NAGASAKI  FATIEIWS 

9 

0-500 

6 

36 

6oo-aoao 

23 

20 

-  1100-1500 

57 

2 

1600-2000 

21  . 

2 

2100-2500 

9 

0 

2600-3000 

4 

0 

Not  stated 

34 

69 

Total 

154 

The  diagnoses  which 

appeared  in  the  clinical 

records  of  the  patients 

studied  are  listed  in  Table  4. 

TABLE  4 

HIEOSEIMA 

DIAGNOSIS* 

NAGASAKI 

62 

88^ 

Eadiation  injury 

128  99% 

11 

16% 

Biirns 

65  50% 

45 

64% 

Wounds 

56  43% 

8 

j 

Not  stated 

13 

♦The  number  of  diagnoses 

i 

addvS  up  to  more  than  the 

number  of  cases  (See  Table 

3)  because 

many  patients 

had  more  than  one  injury. 

The  percentage  (table  4) 

are  calculated  on;  the  basis  of  129  patients  for  Nagasaki;  and  71  for  Hiro¬ 
shima. 
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TABLE:  5 


TOTAL  NUCLFATFD  MABROW  CELL  COUNTS 


HIBGSHIMA 

NAGASAKI 

AVERAGE 

NUMBER  OF  CASES 

TIME  OF 

esamnation 

NUMBER  OP  CASES 

11,000 

25 

l-l4  September 

Range  for  Hiroshima; 
1100  -  62,000 

Range  for  Nagasaki: 
800  -  L0,900 

18 

90,000 

Ih 

1-31  October 

Range  for  Hiroshima 
21,00  -  250,000 

Range  for  Nagasaki: 
60,00  -  270,000 

11 

81,000 

7 

1-31  November 

Range  for  Hiroshima 
29,500  -  150,000 

1-17  December 

15 

Btmge  for  Nagasaki 
16,400  -  120,000 


AiVEBAGE 

20,600 


168,000 


60,000 
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D IFFEEIECTIAL  COUNTS  OF  BONE  MARROW;  GENERAL 


It  is  customary  to  report  the  result  of  examination  of  bone  marrow 
biopsy  material  in  terms  of  a  differential  coimt  of  200-500  cells.  The 
preparations  from  the  victims  of  the  atomic  bomb  were  all  studied  and  count¬ 
ed  by  the  same  person  to  insure  consistency  in  the  interpretation  and  re¬ 
cording  of  the  counts.  Ideally,  it  would  bo  desirable  with  such  large  num¬ 
bers  of  cases,  after  calculating  mean  values  for  each  type  of  cell,  to 
treat  the  data  statistically  in  order  to  demonstrate  the  deviations  from  nor¬ 
mal.  Unfortunately,  such  treatment  of  marrow  differential  counts  is  not 
vor3'-  satisfactory  because  of  the  wide  variation  in  the  distribution  of  in¬ 
dividual  cell  types.  This  factor  is  illustrated  in  Table  6  where  the  moans, 
standard  deviations,  and  range  of  normal  variability  for  each  cell  type  in 
normal  marrow  are  shown.  It  is  apparent  from  the  tabulation  that  small  or 
subtle  changes  in  the  differential  count  of  marrow  obtained  by  puncture  bi¬ 
opsy  need  not  be  anticipated,  and  cannot  be  proved  satisfactorily.  In  spite 
of  this  qualification,  it  is  desirable  to  present  the  results  of  the  counts 
in  appropriate  groups,  with  mean  values  for  the  various  elements  to  facili¬ 
tate  comparisons. 

The  Type  of  Injury.  ’ 

Throughout  the  entire  study  of  the  marrov;,  the  focus  of  interest  t^as  on 
the  nature  of  the  changes  attributable  to  ionising  radiation.  Because  of 
this,  patients  were  selected  for  biopsy  because  th©y  presented  symptoms  of 
radiation  injury,  or  because  it  was  sxispected  to  have  occurred.  Many  of  the 
subjects,  however,  had  sustained  other  injuries,  or  had  acquired  complicat- 
ir^  infections,  or  suffered  from  malnutrition.  Any  or  all  of  these  factors 
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Ad  mLu@0  In  psii*  e©ftfc 


JiSAK 

•XiHh  1 

amABS  DBvm'nc 

I  mm.si.Mum. 

Myeloblast 

1.3 

0.6 

'  0 

3«0 

Prt»;’ydocyt0 

1.4  / 

o.e 

0 

3.6 

Myelocyte 

10.0 

3.6 

3.7 

26.3 

Mcttcflyolooyta 

15.7 

.  3.2 

6.0 

25,4 

Stab  Form 

10^0 

3J 

0 

,'21,7 

'Folyinorphonuc  l@®r 

20.1) 

5.5 

4.5 

37.3 

Ijymphoeyt© 

16«@ 

4.a 

2,0 

31,1 

Monocyte 

1.7 

0.6 

0 

4.9 

Plasiua  Cells 

0,4 

0,3 

0 

1.4 

Histiocyte 

0,3 

0.1 

0 

0.25 

Muoleated  Red  Cells 

ia,9 

4,4 

0 

26,1 

'$^S@|;crdiahX|  E.,  "Ueb@r  St@malpunktion©n" 
Acta  Medioa  So&ndinavicat  1935 »  Sppl.  64* 


■K-ttMegn  pluB  or  Hiinus  thrao  standard  deviations  is  genora].ly  accepted  as  the 
n^ts  of  normal  variability. 


15  (7) 


81 


are  theoretically  capable  -of  provoking  reactions  in  the  marrow  which  might 
alter  the  pattern  of  injury  or  regeneration  induced  by  the  gamma  rays.  Ac- 
tiially,  no  such  effect  was  found  when  several  groups  of  patients  who  were 
biopsifid  at  similar  times  were  compared.  A  typical  sample  of  the  type  of 
result  from  this  study  is  shown  in  Table  7.  On  the  basis  of  this  analysis 
it  seems  justifiable  to  consider  all  the  patients  together  and  to  form 
groups  for  comparison  on  the  basis  of  the  time  at  which  they  were  studied. 

The  Time  Realtionship. 

The  examination  of  the  autopsy  material  has  shovm  that  regeneration  of 
some  sort  can  be  seen  in  nearly  every  specimen  obtained  from  patients  who  sur¬ 
vived  longer  than  approximately  7  days  after  the  bombing.  This  observation 
is  in  agreement  with  comparable  animal  experiments.  Because  of  this  fact,  it 
is  important  to  bear  in  mind  that  the  bone  marrow  obtained  by  biopsy  represent¬ 
ed  samples  from  regenerating  marrow,  -It  is  desirable,  therefore,  to  study 
the  tempo  as  well  as  the  nature  of  the  regenerative  process.  Unfortxinately, 
these  considerations  were  not  completely  apparent  to  the  Japanese  physicians 
who  performed  the  biopsies  on  the  early  cases,  and  for  this  reason,  specimens 
were  not  always  obtained  at  the  most  propitious  times.  The  trend  of  the  proc¬ 
ess  of  regeneration  is  best  demonstrated  in  the  material  from  Nagasaki.  Av¬ 
erage  values  for  the  differential  marrow  cell  count  during  certain  intervals 
after  .9  August  are  presented  in  Table  8.  The  fate  of  the  individual  patients, 
particularly  in  the  time-period  1-14  September,  is  not  known  in  , every  in¬ 
stance,  so  that  it  is  necejsSary  to  include  here  the  ones  that  died  with‘ the 
survivors.  Regardless  of  this  fact,  there  is  a  definite  progession  of  changes 
in  the  percentage  of  each  cell  type  as, recovery  proceeds.  ^Ihen  these  mean 
values  are  considered  in  relation  to  the  total  count  of  nucleated  cells,  it  is 
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TABSE  7 


EFFECT  OF  CTHEE  POTJiS  OM  imieV/  CSIM:G!iE 
DUE  TO  mmk  R/j)iii'f:coK. 

^  date  examined 

1-14  September  ”*  16-31  October' 


TYPE  OF  riiTt. 

R  •<{• 

«a*r 

r/PK  OF  R, 
PATIENT 

RD 

M 

‘Blest 

3o0 

5.1 

0.7 

0.8 

0o9 

Promyelocyte 

5.3 

5.0 

4.8 

1.8 

2.1 

No  Kyelocyte 

4.7 

0.9 

12.7  • 

8.0 

7.6 

N,  Ketamyslocyte 

4o7 

2.4 

12.5 

11.4 

13.7 

M.  Stab 

6.0 

4.0 

18.5 

21.3 

19.1 

No  Po3^  . 

3.9 

3.5 

10.5 

12.4 

13.9  ■ 

Eosinophil  ( all ) 

2.1 

3.0 

3.1 

4.6 

7.2 

Lyit^-hocyto 

37o6. 

48,7 

7.4 

5.1 

8,2 

Monocyte 

1.3 

0.4 

1.4 

o'»9 

2.0 

Histiocyte 

9.2 

10.5 

0,1 

0,4 

0.4 

Plasma  Cell 

11.8 

8,2 

1.1 

0.8 

1.3 

Erythroblast 

1.6 

0.9 

4.6 

9.4 

4,6 

Normoblast 

8.8 

7.4 

22,6 

23.1 

19,0 

Number  of  Cases 

32  ' 

10 

12 

25 

20 

*Kt  Radiation  injury  on3,y,  • 

RB:  Radiation  injury  plus  burns 

RW;  Radiation  injurj’’  plus  v^ouiids 

RBV;:  Radiation  injury  plus  burns  plus  vjounds. 
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MAG;iSJ\KI 

AVERAGE  DIFFSRENTIAL  CGtiN'lS  OF  STERNAL  MAER(aV 

DATS. 


CaiL  TT  K5 

l'»14  S  f?pt  0 

l5:-30  : 

‘:;eOt-  1“15  Oct., 

16-31  Oct,  DciV, 

Dec. 

“Blast 

3.5 

2.S 

1.2 

1.0 

1.0 

1,0 

ProsTiyelocyts 

5.2 

3.9 

3J- 

.  2,5 

2.0 

0,7 

KoMyelocyte 

3.8 

10.2 

.11.6 

8.7 

6.1 

3.0 

ii  oMetarj^relocyte 

4.2 

12,6 

11.3 

12,3 

11.8 

■>1.0 

?JcStab  form 

.  5.5 

ie.7 

19.8 

19.9 

23.6 

24.0 

Mo  Poij'S 

3.8 

12.3 

15.4 

12,0 

15.1 

15.8 

Eosinophil  (all) 

2.3 

2.1 

5.5 

5.5 

4.9 

6.5 

Lymphocyta 

40.2 

16,4 

5.6 

6.7 

9.9 

16,4 

Monocyte 

1,1 

2.3 

■  1.0 

1.3 

2,0 

4.4 

Histiocyte 

9.5 

1.5 

0.5 

0.3 

0,4 

.  1,2 

Plasma  Cell 

11.0 

3*4 

lo3 

Icl 

1.7 

1,1 

Erythroblast 

1.4 

Qc3 

5.9 

6,5 

3.5 

1.7 

Normoblast 

8.5 

15.4 

17.8 

22.2 

18,0 

13.2 

Number  of  cases 

6 

24 

67 

15 

Total  Nucleated 

Cells  (from  table  5)  20,600 

163,000 

60, OCX) 
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possible  to  visualize  in  a  general  way  the  rate  of  regeneration  of  the  dif¬ 
ferent  definitive  elements  of  the  marrow.  In  the  coiiree  of  study  of  the 
material  it  was  found  that  it  was  very  convenient  to  consider  the  marrow  cells 
in  four  broad  groups: 

1)  Myeloid -A 11  the  members  of  the  granulocytic  series. 

2)  Lymphoid -The  small,  medium-sized,  large,  and  abnormal  lymphocytes. 

3 )  Betlcular-The  plasma  cells ,  monocytes ,  histiocytes ,  and  all  other 
frankly  reticular  elements. 

Erythroid-The  erythroblasts  and  normoblasts. 

This  type  of  grouping,  in  addition  to  permitting  an  easier  comprehension  of  the 
general  pattern  of  divergence  from  normal,  can  also  be  used  to  calculate  the 
Myeloid terythroid  ratio.  This  ratio  is  a  useful  expression  to  indicate  the  re¬ 
lative  extent  of  activity’ of  each  of  these  two  vital  systems.  Using  the  sim¬ 
plified  means  of  presentation,  the  averages  of  all  the  differential  counts  for 
each  city,  are  listed  in  Table  9  and  are  shown  graphically  in  figures  1  and  2. 
It  will  be  seen  in  Table  9  in  the  time  period:  l-l4  September,  for  the  Hiroshlm 
patients,  that  there  la  a -division  of  the  average  values  on  the  basis  of  wheth¬ 
er  the  patient  lived  or  died.  The  difference  is  striking.  Unfortunately,  the 
records  do  not  permit •  such ; a  division  :of  the,, data  from  Nagasaki,  but  there  is 
no  good  reason  for  thinking  that  the  results  would  not  be  similar.  It  should 
also  be  noted  that  , in  the  "pie"  dia^am  of';Figure~2,  all  the  differential 
counts  for  the  two  periods  j'15-30  September,;’  and  1-15  October,  are- grouped  to¬ 
gether.  This  is  quite  proper  since' a  consideration  of  the  Individual  counts 
in  each  group  showed  that,  the  similarities  were  striking;  and  that  the  excess - 
sive  eryt.hopoiesis;  of  the- time'  period:  16-31  October,  was  seldom  in  evidence 
earlier*  (See  table  8)  .  —  -  - 

From  a  study  of  the  averages  of  the  differential  cell  counts  of  bone 
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TAsa:  9 

GOM)EMSH)  DiyFERENTIAl  GOUMTS  AT  DIFFERjEaJT  TIMS  PERIODS 

HIROSHBIA  MGASAKI 

TB^  FsaOD 


M* 

L 

R 

E 

M:E  RATIO 

M:E  RATIO 

K 

L 

R 

'E  ■ 

36,1 

28.6 

22.1 

13.4 

2.7:1 

1-14  Sept .All  Pts. 

3.0:1 

28,3 

40.2 

21.6 

9.9 

18.3 

39.6 

36.3 

5.9 

3.2:1 

Pts.  who 
died 

- 

- 

- 

■  - 

59.3 

15.8 

8.0 

16.9 

3.5:1 

Pts.  who 
survived 

- 

■  - 

- 

- 

62*4 

8.7 

4.7 

24.2 

2.6:1 

15-30  Sept. 

3.8:1 

60.7 

16.4 

7.2 

15.7 

61.0 

15  a 

3.7 

20.2 

3.0:1 

1-15  Oct. 

2.9:1 

67.9 

5.6 

2.8 

23.7 

46.3 

24.2 

.4.7 

24.8 

1.9:1 

16-31  Oct. 

2.2:1 

61,9 

6.7 

2.7 

28.7 

58.9 

I8.2' 

3.9 

19.0 

3.1:1 

Hoveniber 

3.0:1 

64.5 

9.9 

4.1 

21,5 

•M 

■* 

. 

Decenber 

3,5:1--. 

62.0 

16.4- 

6.7 

14.9. 

64.5 

17.3 

2.1 

16.1 

4.0:1 

Norxnal  A**^' 

4.0:1 

64.5 

17.3 

2.1 

16.1 

60.1 

16,8 

4.1 

19.0 

3.2:1 

Kormal 

3.2:1 

60.1 

16.8 

4.1 

19.0 

mt 

ICyeloidj  Lt 

Lg^n^oid 

'K^fMlsao.  See  table  1. 

R:  Reticvilar;  E: 

:  Erj^hroid 

^^HtKomlya.  See  table  1 

0 

marrow,  certain  general  principles  can  be  recognized  which  will  not  only  aid 
in  understanding  the  reaction  as  a  whole,  but  also  help  in  the  interpretation 
of  the  findings  in  individual  cases.  These  general  principles  are  as  follows: 

1)  Begardless  of  the  ultimate  outcome  in  individual  cases,  the  group  of 
patients  that  survived  and  were  biops  led  in  the  period:  1-1^4-  September,  or 
3^  to  6  weeks  after  the  bombing,  showed  some  evidence  of  myelopoiesis  and 
erythropolesis .  Judging  from  the  myeloid:  erythrold  ration  the  relative  amount 
of  regeneration  was  approximately  equal  in  each  system. 

2)  When  the  differential  counts  were  classified  on  the  basis  of  whether 
the  patient  survived  or  died,  there  was  a  striking  difference  in  the  percent¬ 
ages  of  myeloid  and  erythrold  cells  of  each  group.  In  the  case  of  the  former, 
the  values  were  59*3fo  and  18.3^  for  surviving  and  fatal  cases,  respectively. 

In  the  case  of  the  erythrold  series,  the  values  were  and  5.%  respec¬ 

tively.  It  is  known  fromtastudy  of  the  autopsy  specimens  that  proliferation 
of  t^e  reticulum  in  the  bone  marrow  occurred  in  virtually  every  patient  who 
survived  longer  than  7-10  days  after  exposure  to  the  gamma  radiation.  It  is 
also  known  from  the  pathological  material  that  at  some  time  in  the  period: 

7-21  days  after  the  bombing,  the  first  evidence  of  myelopoiesis  and  erythro- 
poiesis  was  found.  Putting  all  these  observations  together  leads  to  the  con¬ 
clusion  that  the  extent  and  the  rapidity  of  the  metamorphosis  of  proliferating 
retlculijm  in  the  marrow  into  rayelopoletic  and  erythropoietic  tissue  are  criti¬ 
cal  factors  for  survival. 

3)  In  the  first, group  of  Nagasaki  patients  studied  in  the  time  period: 

1-lk  September  there  was  a  marked  shift  to  the  left  of  the  granxilopoletic  sys¬ 
tem.  This  can  be  expressed  quite  readily  by  the  ratio  'Blasts:.  Polys,  which 
was.  90^  at  this  stage.  In  the  next  period:  15-30  September,  the  ratio  was  25% 
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and  after  1  October,  the  ratio  was  normal,  or  less  than  10^.  This  observa¬ 
tion  can  be  interpreted  to  indicate  that  on  the  average,  myelopoiesis  achieved 
an  approximately  normal  pattern  about  7-8  weeks  after  exposvire  to  the  gamma 
radiation  emitted  by  the  atomic  bomb.  This  finding  is  especially  interesting 
because  it  has  already  been  shown  (see  table  5)  that  the  highest  values  for 
total  nucleated  marrow  cell  covints  occurred  in  the  period:  7-12  weeks  (i.e. 
during  October}  after  the  bombing. 

h)  In  the  material  from  each  city,  the  maximum  intensity  of  erythropoi- 
esis  occurred  in  the  period;  16-31  October,  or  10-12  weeks  after  the  bombing. 
The  evidence  for  this  observation  is  the  myeloid:  erythroid  ratios,  which  were 
1:9:1  and  2.2:1  for  Hiroshima  and  Nagasaki  material  respectively  in  that  time 
period.  These  were  the  lowest  values  for  the  M:E  ratio  that  were  seen  in  any 
period.  They  are  especially  significant  because  the  highest  total  nucleated  ■ 
marrow, cell  counts  were  found  during  October.  In  Biopsies  obtained  in  Novem- 
•ber  (i.e.  later  than  12  weeks  after  the  bombing_)  the  ratios  were  normal  in 
each  series.  The  average  values  found  were  3. 1:1’ for  Hiroshima,  and  3»0:1 
for  Nagasaki. 

5)  The  only  marked  difference  between  the  average  differential  coimt  of 
marrow:  cells  in  the  material  from- the,  two  cities  was- found  in  the  percentage 
of  lymphocytes  in  the  specimens  collected  dwlng  October  and  November.  There 
does- not  appear  to  be  any  simple  explanation  for  this  finding.,  .. 

(  :S)  In  the  tabulation  of  .the  average  differential  counts  the  megakaryo-  - 
cytes  have  been -omitted.  This  was  done  because  of -the  great  variation  in  the 
percentages  found.  •  In  general,  it  may  be  said  that  the  megokaryocjrtes  and  the. 
blood,  platelets  returned  to  the  marrow  and  the  circulating  blood  at  the  same 
rate  as  the  granular  leukocytes.  The  behavior  of  these  elements  is  described 
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in  the  sections  on  Blood.^  (Section  6)  and  in  that  on  Pathology  (Section  8), 

7)  In  general,  it  appeared  that  the  average  bone  marrow,  as  judged  by 
the  differential  cell  counts,  had  retvirned  to  normal  in  November,  1945,  or 
12-16  weeks  after  injury  by  the  ionizing  radiation  Of  the  atomic  bomb. 

ILLUSTRATIVE  CASES 

One  of  the  most  interesting  featxires  of  the  specimens  of  bone  marrow  was 
the  remarkable  diversity  of  the  material  obtained  from  patients  early  in  the 
course  of  the  syndrome  of  radiation  injiory.  This  was  due  in  part  to  the  fact 
that  the  appearance  of  rapidly  regenerating  marrow  changes  almost  from  day  to 
day,  and  certainly  from  week  to  week.  Since  the  majority  of  the  biopsies  were 
not  made  according  to  any  schedule  or  plan,  it  was  not  surprising  that  these 
differences  would  be  great'.  Even  when  the  examination  was  not  performfed  at 
random,  it  vjas  usually  found  that  samples  ob'tained  from  patients  in  apparently 
identical  stages  of  recovery  after  equal  exposure  to  radiation  wcnild  be  entirely 
different.  It  was  apparent  from  these  observations  that  the  recovery  proc¬ 
ess  could  occw  not  only  at  varying  speeds,  but  also  in  varying  ways.  Before 
describing  the  cytologic  details  of  the  regeneration,  it  is  appropriate  to 
'  present  some  specific  examples  of  patients  who  recovered,  and  on  whom  serial 
bone  marrow  biopsies  were’  performed.  It  is  important  from  the  clinical  stand¬ 
point  to  discuss  the  reaction  of  the  marrow  to  radiation  injury,  xjith  partic¬ 
ular  regard,  for  the.  possibility  and  the  mechanism  of  reeovei^:. 

As  a  preliminary  to  the  presentation  of  the  records  of  survivors,  it  is 
desirable  to  consider  three  patients, who  died  with  typical  symptoms  of, severe 
radiation  injury  a  few  days  after  biopsy  of  the.  sternal  marrow  was  performed. 

All  three  patients  were  in  Nagasaki,  Two  were  in  brick  buildings: at  '500  meters 
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TABLE  10 

MMU9M««aana0M»«V4* 

PROTOCOLS  OF  3  FATAL  CAB-ES 


Kim  7 

KP  39 

Kum  23 

AGS 

37 

28 

35 

SEX 

Female 

Male 

Male 

Distance  from  center,  meters 

500 

1000 

.1500 

Type  of  btdlding 

Factory 

Factory  Wooden  Hse 

Other  Injuries 

None 

None 

Burns 

Epilation 

Yes 

Yes 

Yes 

Piirpura 

Yes 

No 

No 

Oropharyngeal  Lesions 

Yes 

Ho 

Yes 

Blood  Exam* (see  figure  3) 

~  , 

pa 

- 

irarrow  Examination  .Total  Nucleated  cell 

coxint-  BOO 

2950 

5150 

•Blasts 

0*4 

0.3 

2,0 

Promyelocytes 

0,2  . 

0.9 

7.2 

N'.Myelocyte 

- 

1.1 

1.6 

N  .Metamyelocyte 

0.2 

1.6 

10.8 

N.  Stab  Form 

0.4 

10*8 

15  o6 

M »  Poly 

2.8 

26.5 

3.2 

SosinojMl  (all) 

2*6 

11.7 

2.8 

Lymphocyte 

64.0 

41.5 

28.4 

Monocyte 

- 

- 

- 

Histiocyte 

1.8 

0,5 

3,6 

Plasma  Cell 

22*4 

0.9 

13,2 

Erythroblast 

1.4 

0.4 

0.2 

Normoblast 

3.a 

3.S 

10.6 

Myeloid  tErythroid  Ratio 

1.351 

12.6:1 

4,0:1 
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and  1000  meters,  respectively.  The  other  was  in  a  wooden  building  at  1500 
meters.  The  relevant  clinical  data;>  and  the  results  of  examination  of  the 
blood  and  the  bone  marrow  are  presented  in  Table  10  and  svimmarized  in  Figure 
3,  These  three  cases  are  particvilarly  interesting  because  on  the  same  date  - 
26  days  after  exposiire  to  the  gamma  rays,  each  had  a  quite  different  and  quite 
distinctive  type  of  marrow.  In  the  other  case  records  that  follow,  exaiuples 
will  be  shown  of  patients  v;ho  survived  and  who  had  some  one  of  these  same 
types  of  reaction  in  the  marrow  in  the  early  stage  of  the  disease,  This  point 
is  worthy  of  emphasis  if  only  to  hinder  the  formation  of  fixed  ideas  of  the 
relative  seriousness  of  one  or  another  type  of  marrow  reaction, 

(l)  Case  KUM  87.  Male,  33,  1200  meters  (Ifegasaki) 

Patient  was  in  a  wooden  house  which  crollapsed,  trapping  him  under  it.  He  sus¬ 
tained  only  minor  lacerations  of  the  arms.  Epilation  of  the  scalp  commenced 
15  August,  This  was  followed  bj'-  pharyngitis,  gigivitis,  and  purpura.  He 
was  treated  at  a  hospital  with  frequent  transfusions  from  11  September  to  20 
September.  He  T'ras  discharged  from  the  hospital  in  good  condition  on  19  Octo¬ 


ber. 


ESCAMINATION  OF  THE  BLOOD 

Hb. 

RBC 

W3G 

Platelets 

9  September 

- 

- 

1900 

- 

11  September 

44fo 

2.25 

1170 

29,000 

17  September . 

39^ 

1.75 

2600 

■  - 

24  September 

50^ 

2.96 

4450 

1,115,000 

1  October 

59% 

2.90 

6780 

lO  Oc;bober 

69% 

3.28 

13100 
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Differential  ' 

Counts. 

Stabs 

PoDys 

L:,Tnph. 

Mono. 

Eosin. 

Plasma 

9  September 

3 

6 

74 

5 

7 

3 

11  September 

3 

•\ 

5 

85 

4 

3 

- 

^17  September 

20 

6 

62 

8 

2 

2 

24  September 

12 

25 

4B 

6  - 

7 

2 

1  October 

10 

25 

40 

13 

12 

- 

10  October 

8 

9 

39 

3 

41 

" 

few  metamyelocjrbes  were 

seen; 

Additional  Laboratory  Data.  Reticulocytes  varied  from  virtually  none  on  11 
September  to  1,1%  on  24  September.  The  longest  bleeding  time  v;as  recorded 
as  16  minutes  on  9  Septemberj  and  the  longest  clotting  time  was  14  minutes  30 
seconds  on  the  same  day. 

Examination  of  bone  marrow. 

The  results  of  the  tirree  biopsies  of  sternal  marrow  are  presented  in 
Table  11  and  are  summarized  in  Figure  4.  (See  also  figure  18), 

(2)  Case  KIU-48  Female,  19,  1200  meters  (Nagasaki), 

Patient  was  standing  in  a  wooden,  earth-covered  shelter  which  collapsed.  She 
sustained  mild  unspecified  injuries.  During  September  she  had  an  ulcefative 
gingivitis.  There  was  no ; epilation.  She  was  treated  in  the  hospital  with 
liver  extracts  and  iron  and  was  discharged  as  cured  19  October  1945, 
Laboratory . Data. 


Date 

m- 

RBG 

WBC 

8  September 

63^ 

2,66 

1200 

10  September 

32^ 

2.32 

;  1000 

18  September.’ 

42^  • 

2.50 

..  2400 

21  September 

605S 

.  1.47 

.2400 

24  September 

65% 

2,96 

5600 

No  other  data  are  avail¬ 

27  September 

63% 

3.10 

4600 

able  on  this  patient. 
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TABIE  11 


KUI^  87 


DIFF]®SNmL  CCmiT 

OF  STERNAL  MARROV/ 

11  September  14  Septeaib&r 

19  Septeinber 

’Blasts 

1«4 

4.2 

8,0 

Promyelocyte 

8„2 

15.5 

13,4 

N,  Myelocyte 

loO 

1.7 

5.7 

Ko  MetaKQrelocyte 

SoB 

6.0 

12,5 

K,  Stab  Form 

2,6 

3o9 

20,0 

K.  Poly 

0,6 

0.5 

6,0 

Eosinophil  (all) 

2.4 

2,6 

16.0 

Lymphocyte 

48,0 

23.2 

2,9 

Monocyte 

» 

0.3 

- 

Histiocyte 

8.0 

6,3 

0.3 

Plasma  Cell 

li^^.2 

8.7 

0.4 

Erythroblast 

2,0 

3.2 

0,8 

Normoblast 

8.2 

21,3 

11,0 

S.^yeloidjErythroid  Ratio 

1.9  tl 

1,4.*1 

8,2:1 

Total  Nucleated  Cell  Count 

17,300 

17,800 

68,000 

Laboratory  Data-continued 


Date 

Hb, 

RBC 

'  WBC 

30  September 

6O5S 

2.25 

6300 

3  October 

65fo 

2.22 

3800 

7  October 

65^ 

2.25 

5800 

10  October 

65% 

2.50 

7000 

19  October 

U% 

4-50 

7000 

Exairtlaation  of  bone  marrow. 

The  resiilts  of  two  biopsies  of  sternal  marrov;  are  presented  in  Table  llA. 
and  are  shown  in  Figure  5,  '  . 

(3)  Case  H-603O-U,  Male  24  1000  meters  (Hiroshima) 

Patient  was  inside  a  wooden  building.  He  sustained  no  injury  except 
by  radiation.  Epilation  occurred  15  August  and  he  entered  hospital  26  August. 
Purpura  was  observed  on  27  August,  and  ulcerative  oropharyngeal  lesions  de¬ 
veloped  early  in  September,  He  was  discharged  as  cured  2  October  1945, 
Laboratory  Data. 


Date 

Hb.  . 

RBC 

WBC 

7  September 

90% 

3.36 

700 

•10  " 

— 

— 

1500 

1  " 

- 

- 

2400 

The  differential  count  on  7  September  was;  Metamyelocytes . IS 

Polys . . . LP% 

Lymphs.. . . 5'^ 


Monocytes,.,,, . iS 

Examination  of  bone  marrow. 

The  results  of  three  biopsies  of  sternal  marrow  are  shown  in  Table  IIB 
and  are  summarized  in  Figure  6.  ' 

(4)  Case  H-6OIO-U:  Male,  2S,  Less  than  1000  meters.  (Hiroshima) 
Fhtient  was  indoors  in  a  Japanese  building  which  collapsed  on  his  head, 
rendering  him  unconscious' for  an  unspecified  length  of  time.  Epilation  com¬ 
menced  17  August.  He  entered  the  hospital  28  August.  Petechiae  appeared 
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TABLES  llA  and  IIB 


DIFFHlEifflAL  COUNTS  OF  STERNAL  mRRCM 


Table  llA-KIU-48 

11  Sept. 

5  Oct. 

Table  11B~H-6030-U 

7  Sept,*^  26  Sept. 

16  Nov, 

•Blast 

1,2 

0.4 

- 

1.3 

2.4 

Promyelocyte 

1.2 

0.4 

- 

1.3 

3,7 

N,  I^elocyte 

15.1 

4.6 

- 

1.3 

5.7 

N.  Metamyelocyte 

17.5 

17.0 

6.3 

6.5 

16.2 

N.  Stab  Form  ^ 

10.5 

42.0 

6.3 

17.7 

18.0 

N.  Poly 

2.9 

2.7 

6.3 

28.1 

20.1 

Eosinophil  Cell 

0,8 

2.7 

- 

— 

8.1 

Lymphoc3rfce 

18.8 

5.0 

75 

12.4 

6.9 

Monocyte 

2.4 

1.4 

5 

1.3 

1.6 

Histiocyte 

2.4 

- 

- 

0.7 

1.2 

Plasma  Cell 

14.8 

0.4 

- 

2.0 

0.4 

Erythroblast 

2.1 

3.0 

- 

3.2 

2.8 

Nonnoblast 

9.6 

21.0 

- 

23.5 

13.4 

ffyeloid;Er3rthroid  Ratio 

4.2:1 

2.9:1 

- 

2.1:1 

4.5:1 

Total  Nucleated  Cell  Count 

33,000 

211,000 

3,800 

^is  was  a  poor  preparation-only  19  recognizable  cells  could  be  found. 
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i  September,  and  pharyngitla  and  gingivitis  developed  about  5  September.  He 
recovered,  but  the  date  of  discharge  from  hospital  is  not  known. 


Laboratory  Date. 

Date 

Hb 

BBC 

WBC 

Platelets 

3  September 

4.15 

1200 

- 

8  •' 

- 

2200 

- 

13  " 

- 

2200 

- 

19 

565^ 

3.29 

1000 

70,000 

24  " 

569s, 

3.45 

4100 

- 

17  November 

98^  , 

5.23 

8600 

73,000  - 

Differential  Counts. 

19  September:  Stab3-l4; 

Polys T  35.5; 

Lymphs . 

34.5;  Mon.  13.5; 

Eos.  2.5 

17  November:  Stabs-lO;  Polys-  40;  Lymphs-39;  Mono.-l;  Eos. -9;  Baso.-l. 
Eyamlnatlon  of  bone  marrow. 

The  results  of  three  biopsies  of  sternal  marrow  are  presented  in  Table 

12a  and  are  summarized  in  Figure  7. 

(5)  Case . H-6OI6-U  Male,  Age  unknown  Less  tha  1200  meters 

(Hiroshima) 

Patient  was  indoors  in  a  Japanese  building.  He  received  no  injuries 
except  by  gamma  radiation.'  'Epilation  and  purpura  commenced  20  August;  and 


gingivitis  and 

pharyngitis,  developed  early  in  September. 

Ultimately,  he  re- 

covered. 

Laboratory  Data 

• 

Date 

Hb 

BBC 

WBC 

5  September 

-  lOfo  .. 

3.66 

1800 

8  September 

6400 

l4  September 

- 

- 

5500 
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TiiBI.-FS  3,2a  and,  12B 


DIFFS?EfrriAL  COUKIB  OF  S»IAL  MAHRaV 

»i«i»  —  in.iiinmi  wi  ■■fcia— »r.<nii»iiin,«i«fii«»»j«fcrvatji«.yiB««nm,».^ajta 


Table  12A~»K-6010«-U 

A  Sept, 

•  S  ^  e 

Table  12B- 

-H-.6016- 

•U 

17  Kov, 

6  Sept, 

0  22  Mov 

'Blast 

0,6 

0,8 

4cl 

3,0 

Proniyelocyte 

0,6 

0,4 

6,1 

0,5 

Wo  l^yelocyte 

“ 

1,2 

0,4 

6.1 

2,0 

N.  Metan^elocyte ' 

0^6 

15  oO 

0,3 

13  oO 

Mo  Stab  Form 

2a  A 

32,2 

6,2 

39,5 

24o0 

Mo  roly 

l;5aS 

6,,0 

14,7 

8,5 

8,5 

Eosinophil  (all) 

k.B 

UoB 

8,3 

“ 

4,5 

l.ynrphocyte 

4f5i.l 

n,3 

40,4 

2,0 

•  5=0 

•Monocyte 

2., 4 

l.,8 

4,0 

15.8 

4=5 

Histiocyte 

■  - 

- 

0,6 

0,5 

Plasma  Celia 

V 

1,2 

- 

2,6 

1,5 

E.T'ythroblast 

.. 

4,2 

1,2 

- 

1,5 

Momoblast 

2S„9  . 

21.1 

22,8 

1,3 

25,00 

liyeloidjErythroid  Itatio 

0,8:1 

2.7:1 

1,3:1 

-  ■ 

1,8:1 

Total  Kuclear  Cell  Count 

2,000 

.. 

73,000 

3,800 
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The  Differential  Counts  on  5  and  8  September  were: 

5  September 

8  September 

Jfyelocyte 

6 

3 

Metamyelocyte 

14 

9 

Stab  Form 

14 

18 

Poly 

52 

48 

Lymphocyte 

14 

'22 

Examination  of 

bone  malrow. 

The  results 

of  two  biopsies 

of  sternal 

marrow  are  presented  in  Table  12B 

and  are  summarized  in  Figure  8. 

(6)  Case  KIU-49  Male, 

35 

1000  meters  (Nagasaki) 

Patient  was 

standing  in  a  brick  factory  building  but  sustained  neither 

burn  nor  mechanical  Injury,  From  7  to  21  September  he  had  a  pharyngitis. 

There  was  no  epilation  nor  any  purpOTa.  Recovery  was  satisfactory. 

Laboratory  Data. 

Date 

Hb 

RBC 

WBC 

13  vSept  ember 

2.70 

2100 

17  September 

2.42 

3000 

20  September 

62% 

3.53 

1600 

23  September 

5k% 

2.64 

•  1800  No  other  laboratory 

data  were  available. 

26  September 

65%  ■ 

2.80 

2600 

29  September 

6lS 

2.25 

2400 

4  October 

62$ 

2.35 

3300 

Examination  of  bone  marrow. 

The  results  of  four  biopsies  of  sternal  marrow  are  presented  in  Table 
13  and  are  simmarized  in  Figure  9, 
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CASS  KIP'  ~  49 


JBlast 

IS^  S  ect 

0„9 

14  Sept. 

21  Seot. 

5  Oct. 

ProEiyolocyte 

0.9 

.  »- 

1.0 

1.0 

No  Myelocyte 

10.0 

13.0 

2.0 

10.00 

N,  Metamyelocyte 

15.0 

2.5.0 

10.0 

22,0 

No  Stab  Form 

9.0 

22,0 

25.0 

27.0 

K  0  Poly 

3.5 

4.0 

7.0 

5.0 

Eosinophile  (All) 

8.5 

2o0 

2.0 

Lymphocyte 

29.1 

20.0 

40.0 

5.0 

Monocyte 

2.2 

2.0 

1.0 

- 

Histiocyte 

1.0 

- 

Plasma  Cell 

7.8 

4.0 

8.0 

4.0 

Erythroblast 

0,4 

1.0 

1,0 

2.5 

Myeloid  :Erythroid  Ratio 

Total  Nucleated  Cell  Cotmt 

5,000 

8,400 

34,200 

302,000 
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(7)  Case  H-6025~U  Male  24  lOOO  meters  (Hiroshima) 
Patient,  an  army  sxirgeon,  was  inside  a  frame  hospital  building.  He  was 
knocked  down  by  the  blast  but  sustained  no  injury.  Epilation  of  the  scalp 
commenced  21  August.  He  was  hospitalized  25  August.  Gingivitis  appeared  23 
August  and  by  6  September  he  had  an  ulceration  of  the  hard  palate,  Petechiae 
were  noted  first  on  27  August,  On  3  October  he  was  sufficiently  recovered 
to  leave  the  hospital. 

Laboratory  Data. 


Date 

Hb 

RBC 

MBC 

Platelets 

6  September 

2.01 

1300 

- 

11  September 

- 

- 

3800 

- 

16  September 

- 

- 

4800 

- 

21  September 

67^ 

3.18 

4000 

110,000 

27  September 

51%. 

3.10 

6500 

130,000 

15  November 

10% 

3.00 

- 

102,000 

Differential  Counts 

^  Differential  cotints  on  several  occasions 

were  as  follows 

21  Sept. 

27  Sept. 

15  Nov. 

Stab  form 

17,0 

• 

11.5 

4.0 

Poly 

49.5 

63.0 

37.0 

Lymphocyte 

20.5 

15.5 

44.0 

Monocyte 

9.5 

6.0 

12.0 

Eosinophil 

3.5 

3.0 

3.0 

Examination  of  bone 

marrow. 

The  results  of  three  sternal  marrow  biopsies 

are  presented 

in  Table  14. 

and  are  summarized  in  Figure  10, 
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DIFFERENTIAL  COUNT  OF  STIBNAL  MARRCW 
Case  H  -  6025  -  U 


6  September 

1 

1 

12  November 

Blast 

2.5 

1.5 

2,0 

Promyelocyte 

lo7 

lv5 

3.0 

N,  %elocyte 

8.7 

3.1 

5.0 

No  Metaiigrelocyte 

10.6 

10.5 

10.4 

No  Stab  Form 

25.0 

16.8 

27.0 

N,  Poly 

15.6 

16.8 

7.0 

Eosinophil  (aJJ.) 

- 

,3-6 

1.6 

Lymphocyte 

11.0 

9.0 

Monocyte 

6.2 

1.5  ■ 

2.5 

Histiocyte 

0.8 

«m 

Plasma  Cell 

1.7 

■  - 

0.4 

Erythr oblast 

6.2 

3.6 

3o5 

Myeloid-Erythroid  Ratio 

Total  Niicloated  Cell  Count 

4,500 

— 

174,000 

CYTOLOGY  OF  BONE  I'lAHROW 


General. 

In  this  section,  an  attempt  will  be  made  to  describe  comprehensively 
the  reaction  of  bone  marrow  to  large  doses  of  gamma  radiation,  A  detailed 
cytologiccil  analysis  of  every  case,  and  of  all  the  variations  to  be  found, 
v;ould  be  desirable  but  would  result  in  a  study  too  large  for  the  scope  of 
this  Report.  It  will  be  Imperative  to  confine  the  discussion  to  a  simple 
presentation  of  general  principles  deduced  from  a  study  of  representative 
cases.  Necessarily,  because  the  smc^s  made  from  material  obtained  by  bi¬ 
opsy  fail  to  show  the  relationship  of  cells,  reference  vdll  be  made  to  the 
histologic  material.  In  general,  the  discussion  will  be  confined  to  cases 
where  there  is  reason  to  believe  that  the  gamma  radiation  destroyed  practic¬ 
ally  all  the  definitive  elements  of  the  bone  marrow.  This  qualification  is 
desirable  if  the  intimate  details  of  regeneration  are  to  be  studied,  for 
in’ less  severely  patients  the  process  of  recovery  may  be  rendered 

very  complex  bj^  the  presonce  of  cells  .that  presumably  survived  injury  in 
association  with  newly  formed  elements.  It  would  have  been  most  desirable 
to  base  the  presentation  entirely  on  material  from  patients  ivrhoso  only  injury 
was  by  gamma  rays.  Similarly^  the  study  woidd  have  been  more  valid  scientif¬ 
ically  if  the  patients  had  not  been  subject  to  severe  and  often  ovcrwhelra- 
ing  infections.  Since  these  conditions  were  obviously  impossible  of  realiza¬ 
tion,  and  since  it  was  indicated  in  Table  7,  page  17,  that  the  complications 
had  little  apparant  influence  on  the  reaction  of  the  marrow,  the  cases  have 
been  selected  for  discussion  solely  because  there  was  good  evidence  of  se- 
vere  injury,.  Nevertheless  it,  must  be  appreciated  that  infection,  blood  loss 
and  nutritional  deficiencies  may  have  affected  to  a  considerable  degree  the 
processes  to  be  described.  An  understanding  of  the  regenerative  process  in 
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the  marrow  is  simplified  if  ;the  question  of  the  dosage  of  gamma  radiation  i.e,, 
the  location  of  the  victim  with  respect  to  the  center  of  the  explosion,  and  with 
regard  to  possible  shielding  factors  is  disregarded.  It  should  suffice  to  say 
that  All  tho  patients  under  discussion  probably  received  sufficient  radiation 
to  destroy  "almost  all"  the  definitive  elements  of  the  bone  marrow,  in  fact, 
this  assinaption  has  been  the  basis  of  the  selection  of  illustrative  cases  in 
this  section. 

The  effect  of  gamma. rays  on  bone  marrow. 

It  is  known  from  experiments  with  animals,  and  from  studies  of  hioman 
beings  accidentally  or  therapeutically  exposed,  that  the  bone  marrow  is  one 
of  the  most  radio-sensitive  tissues  of  the  body.  It  is  also  known  that  the 
myelopoietic,  the  erythropoietic  and  the  thronbopoietic  systems  (the  defln- 
ative  elements)  are  more  susceptible  to  ionizing  radiation  than  are  the  other 
structures  of  the  marrow.  These  less  sensitive  portions  include  the  fibrous 
tissues,  the  vascular  tissues,  the  fat,  and  the  reticulo-endothelial  system. 

On  the  basis  of  the  foregoing  it  is  Jpossible -to,  •  postulate  three  degrees  of 
response  to  varying  intensities  of  radiation,  as  follows: 

1,  Complete  destruction  of  the  definitive  elements ^  and  the  reticulo¬ 
endothelial  system,  •  , 

2,  Complete  destruction  of  the  definitive  elements,  with  partial  or 
complete  sparing  of  the  reticulo-endothelial  system.  After  such  a  dose  of 

ionizing  radiation,  the  subject  should  have  the  capability  of  recovering, 

•  *  ! 

3,  Partial  destruction,  or  damage,  to  the  definitive  elements  of  the 

marrow,  | 

After  injury  to  the  bone  marrow  by  radiation  the  granulocytes  and  the 
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platelets  in  the  blood  are  found  to  be  decreased  in  number.  It  is  reason¬ 
able  to  conclijde  that  the  severity-  of  the  leukopenia  and  the  thrombopenia 
should  parallel  the  severity  of  the  damage.  These  changes  develop  quite 
frequently,  as  has  been  shown  in  Section  6,  The  effect  of  the  radiation 
on  the  erytlirocyte  count  is  manifested  more  slowly  because  of  the  longer 
life  span  of  the  individvial  cell.  By  the  same  sort  of  reasoning  it  is 
logical  to  conclude  that  increasing  numbers  of  granulocytes  and  platelets  in 
the  blood  are  indicative  of  recovery  of  the  bone  marrow.  Unfortunately,  the 
laboratory  studies  have  not  been  very  complete  in  all  the  cases,  but  it  is 
possible  to  piece  together  a  general  interpretation  from  the  detdils  that 
are  available. 

On  page  2  where  the  objectives  of  the  stiidy  of  the  marrow  were  stated, 
the  third  item  was  the  detenrd,nation  of  the  rate  of  disappearance  of  defini¬ 
tive  cells  from  the  mo-rrow.  The  two  earliest  sternal  biopsy  specimens  vxere 
obtained  from  Hiroshima.  Both  patients  had  been  in  the  Banlcer's  Club,  a  re¬ 
inforced  concrete  building,  located  approximately  200  meters  from  the  center 
(See  Section  UH),  The  details  were  as  follov/s: 

Cat^e  H-106l5~I  Mile  30,  Sternal  biopsy  was  performed 

11  August,  The  white  cell  count  on  that  day  was  400  per  cubic  millimeter | 
and  on  14  August,  the  day  of  death,  it  was  100.  On  the  entire  blood  film 
made  11  August,  only  8  leukocytes  were  seenj  6  polys  with- abnormal  appear¬ 
ing  granules;  and  2  small  lymphocytes.  There  were  no  blood  platelets.  The 
differential  count  of  all  cells  seen  in  the  marrow  smear  was: 


Polys . 

Small  lymphocytes . . 

....5 

Histiocytes.. 

...29 

Plasma  Cells . i. . . 

...19 

Unidentifiable  cells . 

...M 

Total 

96 
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(9)  Case  H-10645-»I  Ifele  31,  Sternal  biopsy  was  perforined 
between  12-15  ArEg^i|,  There  were  too  few  cells  to  count.  The  forms  seen 
included  a  few  plasma  cells,  a  few  degenerating  metamyelocytes  and  a  few  small 
lyiaphocytes.  A  blood  film  made  at  .about  the  same  time  was  available  for  ex¬ 
amination.  Three  colls  were  found;  2  polys  and  1  small  lymphocyte.  There 
were  no  platelets. 

The  specimens  of  bone  marrow  from  the  earliest  autopsies  are  discussed 
in  detail  in  the  section  on  Pathology.  Siiitable  material  from  a  patient  who 
died  on  the  6th  day  after  the  bombing  shows  complete  absence  of  all  granulo¬ 
cytic  cells  except  for  a  few  eosinophils.  There  were  no  megakaryocytes |  and 
only  small  groups  of  nucleated  red  cells  were  present.  It  would  be  impossible 
to  say  whether  or  not  the  eosinophil  and  normoblasts  were  stirvivors,  but  this 
seems  probable.  The  significeint  feature  of  this  early  marrow  is  the.  finding 
of  proliferating  reticulum,  as  well  as  small  numbers  of  lymphocytes,  plasma 
cells  and  histiocytes.' 

THE  PATTERN  OF  REGEIilERATIOM 

The  knowledge  that  the  noimial  blood  cells  disappeared  quickly  and  prac¬ 
tically  completely  from  the  marrow  of  patients  exposed'  to  the  intensities 
of  gamma  radiation  emitted  by  atomic  bombs  simplifies  the  study  considerably. 
No  significant  error  should  result  from  the  assumption  that  at  some  period  of 
time,  of  the  order  of  one  to  two  weeks,  practically  all  the  normal  definitive 
marrow  elements  will  have  disappeared  from  the  tissues  of  patients  with  the 
characteristic  symptomatology  of  severe  radiation  sickness.  Even  more  useful 
is  the  evidence  for  the  correctness  of  assuming  that  within  the  same  period 
of  time  the  reticulo-endothelial  elements  of  the  marrow  will  have  started  to 
multiply;,  and  to  produce  certain  types  of  cells.  With  this  background  it  is 
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possible  to  ptroceed  with  a  description  of  the  types  of  cells  which  were  found 
in  the  marrow  of  patients  with  symptoms  of  severe  radiation  injiiry  with  con¬ 
siderable  certainty  that  the  phenomena  observed  are  in  fact  regenerative. 

The  term  "regenerative”  is  used  here  in  the  sense  that  the  phenomena  to  which 

\ 

it  is  applied  represent  the  formation  of  definitive  marrow  cells  by  some  other 
process  than  by  a  multiplication  of  surviving  members  of  the  definitive 
families.  This  is  an  important  distinction  to  make  if  the  findings  in  marrow 
of  irradiation  subjects  is  to  be  interpreted  correctly.  It  is  perfectly 
proper  to  recognize  that  both  processes:  regeneration  and  multiplication 

of  surviving  definitive  cells,  may  coexist  in  a  given  case, 

( 

There  is  nothing  particularly  novel  on  the  one  hand,  in  the  hyperplasia 
of  normal  marrow  cells  in  response  to  any  stimulus.  On  the  other  hand,  the 
opportunity  to  observe,  in  many  similar  cases,  the  regeneration  of  marrow 
which  has  lost  all  or  nearly  all  the  ordinary  definitive  elements  due  to  a 
single  instantaneous  insult,  is  distinctly  unique.  Accordingly,  the  empha¬ 
sis  throughout  the  description  that  follows  will  be  placed  on  the  pattern 
of  the  regeneration  insofar  as  it  can  bo  determined  from  a  study  of  histo¬ 
logical  preparations  and  smears. 

The  types  of  reaction  which  have  been  observed  can  be  classified  into 
several  groups,  (See  table  15)  which  will  be  considered  separately; 

TABLE  15 

Group  1,  Proliferation  of  reticulo-endotheliimi. 

Group  2. _  Ftoliferation  of  reticulo-endothelium  plus 
proliferation  of  certain  mononuclear  cells: 

a)  Ifecrophages 

b)  Plasma  cells 

c)  Lymphocytes 

Group  3.  Metamorphosis  of  "reticular  marrow”  into  definitive  marrow. 
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Table  15 -continued. 

Group  4.  Evolution  of  the  newly  formed  definitive  marrow: 

A.  The  myeloid  elements. 

a)  "Ifyelocytic  marrow" 

b)  "Metamyelocytic  marrow" 

c)  "Shift  to  the  left" 

d)  "Eegular  or  normal  appearing  marrow" 

e)  "Eosinophilic  marrow" 

B.  The  erythroid  elements 

C.  The  Megakaryocytes 

Group  5.  Unsatisfactory  evolution  of  the  "reticiolar  marrow." 

a)  Inadequate  numbers  of  cells 

b)  Abnormal  types  of  cells 

Group  1.  Proliferation  of  reticulo-endothellal  system;  This  type  of 
activity  has  been  seen  regularly  in  every  marrow  specimen  obtained  during 
the  first  3-6  weeks  after  severe  injury  by  ionizing  radiation.  There  is  no 
example  where  it  is  the  sole  process  to  be  seen  in  the  tissues.  In  every 
case  'vdiich  has  been  examined  there  have  been  some  areas  in  the  tissue  where 
the  mononuclear  cells  (see  below  Group  2)  are  found  in  association  with  the 
proliferating  reticulum.  Regardless  of  this  fact,  it  is  possible  to  de¬ 
scribe  and  illustrate  the  characteristics  of  the  process.  In  smears  of  stern¬ 
al  marrow  the  cells  which  are  designated  as  reticulum  are  large  with  abun¬ 
dant  cytoplasm  (See  figures  11  and  12).  The  cytoplasm  is  non-granular,  and 
is  palely  basophilic  td.th  a  ground-glass  texture,  or  a  flocculeat  appearance. 
The  nucleus  is  variable  in  shape.  In  the  earliest  stages  it  Is  oval  and  may 
be  sli^tly  indented,  later  (i.e.,  more  mature  forms)  have  round  micleus.  The 
size  is  also  variable,  from  quite  small  (approximately  the  size  of  the  ex¬ 
amples  shown  in  Figure  ll)  to  2  or  3  times  as  large.  The  structure  of  the 
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nucleus  is  chairacteristicj  The  nuclear  membrane  is  indistinct.  The  chrom- 
: at ion  occurs  in  fine  threads,  loosely  arranged  into  a  delicate  network,  with 
a  few  small  and  comparatively  inconspicuous  nucleoli.  In  fixed  tissues  the 
reticulum  is  first  recognizable  as  "swollen"  elements  in  the  walls  of  the 
sinusoids,  or  branching  or  "budding"  off  from  the  walls  either  into  the 
spaces  between  them  and  the  fat  cells,  or  into  the  lumen  of  the  sinusoids. 
Early,  the  cells  have  a  stellate  configuration  (See  figures  13  and  14)  (Key 
39^),  Later,  one  gets  the  impression  that  these  cells  "round  up"  and  form 
into  "free"  cells  in  the  tissue  spaces.  In  tissues,  the  vesicular  quality 
of  the  nucleus  is  conspicuous,  with  one  or  several  small  nucleoli  and  a  fine 
nuclear  membrane.  Throughout  all  the  tissues  of  this  period  small  numbers 
of  multinuclear  reticulum  cells  can  be  found.  In  some  cases  the  several  nu¬ 
clei  are  normal  in  appearance.  In  others  they  are  unequal,  or  abnormally 
large,  or  otherwise  unusual.  In  general,  this  type  of  cell  has  distinct, 
condensed  cytoplasm,  and  has  the  appearance  of  a  free  cell,  rather  than  that 
of  a  component  of  the  reticalum  network.  The  resemblance  of  these  forms  to 
the  so-called  Reed-Sternberg  cell  is  often  striking.  In  other  cases  they 
resemble  "young"  megakaryocytes. 

i 

With  special  stains,  the  abtondant  cytoplasm  contains  no  granules,  and 
is  lightly  basophilic.  In  the  majority  of  the  cases  autopsied  or  biopsied 
between  12  August  and,  say  15  September,  in  either  city,. there  is  some  evi¬ 
dence  of  proliferation  of  the  reticulum.  ^  It  is  to  be  seen  occurring  typical- 
ily,  in  the  "islands"  between  the  fat  cells  and  the  sinusoids,  and  in  close 

f  -  .  -  . 

*^Key  number  refers  to  autopsy  protocol,  (See  Section  on  Pathology  for 
details.) 
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proximity  to  small  blood  vessels.  As  was  mentioned  above,  the  usual  situa¬ 
tion  was.  the  ocdorence  in  any  given  case  not  only  of  regions  of  prolifer¬ 
ating  reticulum,  but  also  regions  where  mononuclear  colls  are  associated 
v/ith  it. 

Group  2.  Proliferation  of  retleulo-endothelium  plus  the  prolifera¬ 
tion  of  certain  mononuclear  cells. 

This  type  of  reaction  in  the  bone  marrow  was  the  most  typical  finding 
in  specimens  obtained  from  patients  with  the  syndrome  of  severe  radiation 
injury  in  the  period,  26  August  to  11  September,  or  approximately  during  the 
4th  and  5th  week  after  exposure  to  the  gamma,  rays.  Fortunately,  it  was  also 
during  this  same  period  that  Japanese  pliysicians  were  studying  the  patients 
most  intensively,  so  that  many  biopsy  and  autopsy  preparations  are  available 
foi'  examination.  The  time  interval  is  not  only  the  same  one  in  which  the 
most  striJeing  clinical  symptoms  occurred  (See  Section  5),  but  also  the  one 
in  which  the  mortality  rate  due  to  radiation  injury,  primarily,  was  the  high¬ 
est.  The  frequency  of  this  type  of  reaction  in  the  biopsies  performed  at 
this  period,  and  obtained  by  the  Joint  Commission  was;  for  Hiroshima,  8  of 
35;  and  for  Nagasaki,  17  of  42  cases, Total  counts  of  nucleated  cells  in 
all  the  marrow  punctates  were  low  (see  table  5,  page  13),  and  in  cases 
where  this  pattei-n  was  found,  the  average  value  was  less  than  10,000  cells 
per  cubic  millimeter, 

,  *The  numbers  of  these  cases  are:  H-6001-U;  H-6003-Uj  H-6007-TJj  H-6d08-Uj 
H-6012-U;  H-6014-U|  - H-6030-U  (See  also  Section  4.7'^  third  case  record); 
fmd.H-*12096-0SK  (Hiroshima  cases).  KUM  4,5,7,8,10,16,17,43;  KIU-2,4,41, 

42,  43,  44,  45,  46,  47  (Nagasaki  cases). 


43  (7) 


109 


The  combination  of  proliferation  of  the  reticulo-endothelium  and  a 
variety  of  mononuclear  cells:  Macrophages,  plasma  cells  and  lymphocytes, 
has  been  described  by  Rohr,  (loc.  cit.)  in  cases  of  agranulocytosis  and 
aplastic  anemia,  and  has  been  designated  by  him  a  "reticvilar  marrow".  This 
sitiaation  as  it  was  encountered  in  the  study  of  the  Japanese  material  dif¬ 
fered  in  only  one  respect  from  the  conventional  descriptions,  namely  small  fo¬ 
ci  of  erythropoiesis  were  found  in  many  cases;  and  these  were  frequently  the 
only  type  of  definitive .cell  to  be  seen  in  significant  numbers.  Although  in 
any  one  case  it  was  usual  to  observe  varying  ntunbers  of  each  of  the  four  types 
of  mononuclear  cell,  it  is  convenient  to  describe  examples  where  one  variety 
or  another  predominated,  Such  a  practice  will  also  permit  the  presentation 
of  illustrations  showing  the  genesis  of  the  several  forms. 

A.  Nfeicronhages :  Typical  macrophages  were  a  conspicuous  feature  of  all 
the  "reticvilar  marrows "h  In  some  sraears  from  biopsy  material  as  many  as  515S 
of  the  nucleated  cells  are  macrophages  (or  histiocytes),  a  varying  number 

of  which  contained  pigment.  The  presence  of  these  phagocytic  cells  was  es¬ 
pecially  striking  in  the  autopsy  material,  and  a  description  of  representa¬ 
tive  tissues  will  be  found  in  the  section  on  Pathology,  In  the  tissues  the 
macrophages  frequently  i^ere  seen  to  contain  erythrocytes;  but  this  was  an  un- 
usual  finding  in  the  smears  of  aspirated  marrow.  The  typical  appearance  of 
these  pigment-containing  cells  in  smear  preparations  is  seen  in  Figure  15. 

The  relationship  between  the  macrophages  and  the  proliferating  reticulum  is 
well  illustrated  in  Figure  16  (tissue  from  Key  #34)  where  there  is  little 
apparent  difference  between  the  nuclei  of .  the  reticulo-endothelial  cells, 
and  of  the  erythrocyte-containing  macrophages. 

B.  Plasma  Cells;  All  stages  and  shapes  of  plasma  cells  were  a  constant 
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finding  in  the  marrows  obtained  at  any  time.  ,  The  largest  numbers  were  ob¬ 
served  in  the  4th  to  5th  week  after  irradiation,  and  in  differential  counts 
of  sternal  marrow  percentages  in  excess  of  20%  were  not  uncommon  (See  Case 
KUM  7,  table  10,  page  24).  The  average  percentage  of  plasma  cells  in  the 
differential  counts  for  the  period  1-14  September  was  2.7%  in  the  Hiroshima^- 
and  11.0%  in  the  Nagaskai  material,  respectively.  In  stained  films  of  marrow 
the  plasma  cells  were  quite  conspicuous  emd  were  very  typical  in  appearance 
(figures  17  and  18).  In  the  histological  preparations  they  were  seen  quite 
generally,  and  appeared  to  occur  in  two  situations  vath  about  equal  frequency 
when  appropriate  material  was  examined.  One  situation  is  illustrated  in  Figure 
19  where  the  plasma  cells  can  be  seen  in  an  “island"  of  proliferating  reticu¬ 
lum,  in  association  with  tlaat  type  of  cell,  and  with  lymphocytes.  Here  it 
would  be  difficialt  to  judge  whether  the  plasma  cells  were  formed  there,  or 
were  carried  there  by  the  circulation.  The  other  situation  is  shown  in 
Figures  20  and  21,  (Key  #  21,  died  30  August  1945).  In  these  sections  the 
plasma  cells  can  be  seen  arranged  in  a  row  or  a  string  and  apparently  at¬ 
tached  to,  if  not  derived  from,  a  band  of  endothelium  which  forms  quite  def¬ 
initely  the  wall  of  a  sinusoid.  (See  figure  20.)  In  Figure  21,  there  appears 
to  be  a  bifurcation  of  the  endothelium,  with  the  formation  on  a  small  island, 
and  all  the  cells  associated  therewith  are  plasma  cells  of  various  stages. 

This  latter  situation  was  commonly  observed  in  many  of  the  tissue  sections,., 
and  seems  to  offer  good  evidence  for  the  autochthonous  origin  of  plasma  cells 
from  reticulum  in  the  marrow.  This  observation  is  not  intended  to  convey 
the  impression  that  marrow  reticulum  is  the  only  source  of  plasma  cells,  or 
even  the  only  source  in  patients  injured  by  gamma  radiation.  The  same  type 
of  development  of  plasma  cells,  in  "strings"  associated  with  reticulo-endo- 
thelium  may  be  seen  in  the  spleen  and  lymph  nodes  of  these  patients. 
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C.  Lymphocytes;  Almost  all  the  samples  of  "reticular  marrow"  obtained 
in  the  critical  period  vrhen  the  symptoms  of  radiation  sickness  were  most 
pronounced  contain  large  nvmbcrs  of  lymphocytes.  An  examination  of  the  aver¬ 
age  differential  coxmts  for  the  period  1-14  September  reveals  that  this  v/as 
the  most  numerous  single  type  of  cell.  (See  table  9,  page  20 ),  '■'•he  average 

percentage  of  lymphocytes  at  that  time  was  28,6^  for  Hiroshima,  and  40.2% 
for  Nagasaki  cases,  respectively.  In  individual  patients,  values  as  high  as 
80%  were  observed.  The  majority  of  lymphocytes  seen  in  marrow  obtained  by 
puncture  were  quite  ordinary  appearing  small  lymphocytes.  However,  in  jmnj 
of  the  cases  a  variable  manber  of  large  abnormal  lymphocytes  were  seen.  The 
number  of  marrow  specimens  which  were  foimd  to  have  significant  numbers  (i.e. 
more  than  1%)  of  the  abnormal  lymphocytes  and  the  time-periods  vdien  they 

j  .  - 

were  found  is  shown  in  Table  16.  In  summary,  the  incidence  of  this  finding 
was  56%  for  Hiroshima,  and  31%  for  Nagasaki  cases,  respectively.  In  general, 
these  were  Very  large  cells  (See  figures  22,23,24)  with  certain  common  char¬ 
acteristics.  The  c3rtoplasm  was  abundant,  usually  flocculent,  and  basophilic. 
With  the  Romanowsky  type  of  stain,  it  was  a  grey-lavender  in  color,  and 
typically  it  contained  no  granules.  This  last  statement  requires  a  qualifi¬ 
cation;  This  abnormal  lymphocsrte  did  not . have  cytoplasmic  granules  in  forms 
presumed  to  be  "young" .  In  "older"  cells,  as  j^ldged  by  the  nuclear  structure, 
two  changes  were  apparent.  The  cytoplasm  -became  darker  in  color,  and  azxiro- 
phile  granules  appeared  in  it.  (See  figures  25,  26,  27.)  The  result,  de¬ 
pending  on  the  intensity  of  each  process,  was  a  cell  which  resembled  in  some 
cases  the  monocytes  of  the  blood;  and  in  other  cases  neutrophilic  myelo¬ 
cytes.  In  some  preparations  the  differentiation  of  such  mononuclears  was 
exceedingly  difficult  and  often  quite  impossible.  The  structure  of.  the 
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nucleus  was  generally  quite  specific  and  permitted  recognition  of  the  cell 
as  a  lymphocyte.  In  the  youngest  types  the  chromatin  was  fine,  often  al¬ 
most  reticular  in  quality  (See  figure  23).  In  other  stages  the  chromatin 
formed  rather  broad  clumps  (See  figures  22,24,28)  and  in  the  later  stages 
it  was  even  coarser  in  quality,  although  the  contrast  with  parachromatin  tend¬ 
ed  to  decrease,  (See  figtires  25»  26,  27).  In  the  tissues  obtained  at  au¬ 
topsy,  lymphocytes  were  likewise  conspicuous.  In  the  less  advanced  stages 
of  regeneration  lymphocytes  were  regularly  seen  in  close  association  with 
the  proliferating  reticulum  and  the  developing  plasma  cells,  as  for  example 
in  Figures  19  and  29.  (Key  #23,  died  31  August  1945.)  Another  example  of 
this  association  which  suggests  the  local  genesis  of  the  larger  lympho¬ 
cytes  is  discussed  in  Section  8  (Key  #  29,  died  1  September  1945)*  In  both 
these  cases,  large  lymphocytes  with  reticular-type  nuclei  can  be  seen  in 
the  "islands"  where  the  regeherative  activity  is  concentrated.  The  appear¬ 
ance  of  lymphocytes  in  association  with  larger  groups  of  reticulum  and  plasma 
cells  is  seen  in  the  autopsy  case,  (See  Section  8,  Key  #  28,  died  1  September 
1945.)  The  identification  of  the  large  mononuclears  as  abnormal  lymphocytes 
in  this  case  is  supported  by  the  Giemsa-stained  smear/’  (see  figure  28,),  A 
few  examples  of  the  apparent  development  of  "strings"  of  lymphocytes  from 
bands  of  endothelium,  or  by'  the  rounding- up  of  the-  cells  in  the  walls  of  si¬ 
nusoids  were  observed.  This  phenomenon  was  seen  sufficiently  frequently  to 
add  support  to  the  impressidh  gained  from  other . findings  as  to  the  auto¬ 
chthonous  origin  from  the  reticulo-endothelium  of  some  of  the  lymphoc^es 
found  in  the  marrow  of  irradiated  patients.'  Just  as  in  the  case  of  the  plasma 
cells  this  is  not  to  say  that  the  marrow- is  the  sole  source  of  these  Ijmiph- 
ocytes;  but  the  evidence  is  quite  strong  that  the  large  abnormal  lymphocytes 
may  devlop  there  directly  from  reticulum.  In  none  of  the  tissues  at  this 
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stage  was  there  observed  any  irdication  of  the  transformation  of  lymphocytes 
into  plasma  cells,  or  vice  versa. 

TABLE  16 


ABNORML  LYMPHOCYTES  IN  BONE  MARROW  BIOPSY  SMEARS 


HIROSHIMA 

E4GASAKI 

TOTAL  CASES 

ABNORMAL 

LWH0CYTE3 

TIME 

TOTAL  CASES 

ABNCRML 

LIi'-iPHOCYTES 

FitESENT 

ffiESENT 

22 

18 

1-14  Sept, 

23 

16 

6 

1 

15-30  Sept. 

3 

1 

9 

3 

1-15  Oct. 

19 

3 

10 

5 

16-31  Oct. 

59 

5 

12 

6 

November 

22 

12 

- 

- 

December 

12 

6 

33 

59 

Totals 

138 

43 

D.  IJiicleated  Red  Cells;  Many  of  the  histological  specimens  of  mar¬ 
row  obtained  in  this  early  stage  contain  small  groups  of  what  appear  to  be 
nucleated  red  cells.  In  the  stained  films  of  marrow  from  biopsy,  the  iden¬ 
tification  of  these  cells  is  verified.  The  average  value  for  nucleated  red 
cells  in  biopsies  performed  during  the  first  2  weeks  of  September  (the  4th 
&  5th  week  after  the  bombing)  was  found  to  be  13.4^  for  Hiroshima,  and  9.9^ 
for  Nagasaki  cases,  respectively  (See  table  9,  page  20).  .  Ihe  significance 
of  these  erythropoietic  foci  is  difficult  to  determine.  Their  appearance 
is  clearly  shoxm  in  Figures  30  and  31,  (Key  #  32,  died  2  September)  and  in  a 
number  of  examples  in  the  Pathology  section;  (Key  §  29  and  #  24,  etc.) 
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In  all  these  specimens  the  nucleated  red  cells  are  seen  to  occur  in 
small  groups  ger^rally  in  close  association  with  the  proliferating  reticu- 
lumi  and  in  many  instances  they  appear  to  bo  located  in  the  meshwork  formed 
by  these  cells.  There  does  not  appear  to  be  any  consistent  pattern  with  re- 
dpect  to  the  location  of  these  younger  cells  in  relation  to  the  sinusoids. 

The  nuclei  were  generally  pyknotic,  and  were  often  formed  into  abnormal  kary- 
orrhectic  figures.  So  far;  as  can  be  seen  in  the  histologic  preparations  the 
cytoplasm  appears  to  contain  hemoglobin.  This  impression  is  supported  by 
examination  of  the  smear  preparations,  in  which  the  majority  of  the  nucleated 
red  colls  may  be  classified  as  polychrome  and  orthochrome  normoblasts,  Imma- 
ttn-e  basophilic  erythroblasts  are  seen  infrequently  at  this  stage.  Numerical 
evidence  for  this  observation  is  found  in  the  differential  counts  of  sternal 
marrow  for  the  period  1-14  September,  where  the  ratio  of  erythroblasts; 
normoblasts  is  as  low  as  1:8.  (Normal  values  range  from  1:6  to  1:4),  in  the 
Nagasaki  series.  The  problem  that  is  presented  by  the  findings  of  these 
cells  is  simply  whether  they  are:  a)  normoblasts  which  have  survived  the 
gamma  radiationj  or  b)  cells  newly  formed  dwing  the  process  of  recovery.  The 
point  is  principally  academic,  but  is  of  interest,  for  the  nucleated  red  cells 
are  not  an  uncommon  finding  at  ,a  stage  of  recovery  before  the  reappearance  of 
myelppoiesis,  ,  It  seems  most  probable,  however,  that  they. should  properly  be 
considered  as  survivors.  ■  ^  - 

•:E.  Hiscellaheous ;  Megalokaryocytes' vrere  quite  , scarce  in  the  sp-^called 
reticular  marrows j  The  multinucleated  reticulum  cells  referred'to  above  often 
resembled-  them  to-  a  marked. 'degree and  i'b  may  be  fhat  many  of  -these  types’  were 
in  fact  young  forBis'.  -  It  is  a  safe  gencraiizatlon,  however  ,•  that  megalokaryo- 
cytes  of  the  ordinary  adult  type  were  very  rare. 
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Group  3.  Metamorphosis  of  "reticular  marrow”  into  '’definitive  marrow”. 

It  has  been  shown  that  in  the  marrows  depleted  by  gamma  rays  there  was 
an  early  and  comparatively  abundant  proliferation  of  the  reticulo-endothelium. 
The  process  commenced  within  7-14  days  after  irradiation  and  resulted  in  the 
formation  of  what  has  been  described  as  a  ’’reticular  marrow”.  This  pattern 
pi'evailed  for  a  period  of  2  to  3  weeks ,  and  during  this  time  prof oiind  leuko¬ 
penia  was  regiaarly  observed  when  the  blood  was  examined.  In  patients  who 
survived,  the  blood  count  was  found  to  increase,  and  the  time  at  which  the 
increase  began  was  quite  variable,  (See  Section  6),  but  generally  commenced 
about  3-4  weeks  after  the  bombing.  The  changes  which  occurred  in  the  bone 
marrow  Just  prior  to  and  concurrent  with  the  reappearance  of  granulocjrtic  cells 
were  very  interesting.  In  specimens  obtained  at  appropriate  times  it  was 
possible  ,to  observe  a  phenomenon  which  may  be  described  as  the  metamorphosis 
of  "reticular  marrow”  into  definitive  marrow.  -  In  the  biopsy  material  avail¬ 
able  for  study,  which  was  obtained  in  the  period  1-14  September,  this  trans¬ 
formation  was  observed  in  10  of  35  cases  from  Hiroshima  and  in  15  of  42  cases 
from  Nagasaki,*  The  reaction  was  seen  in  cases  with  scanty  proliferation  of 
the  reticulum  as  well  as  in  those  with  a  profuse  reaction.  •  Two  distinct  patterns 
;jere  Observed,  although  in  given  cases, -it  was  usual  to  observe  both  occurring 
simu]-taneously.  It' is  convenient,  however,  to  describe  the  processes  separately. 

*The  numbers  of  these  cases:  are;  H-6010-U|  H-6011-U|  H-6026-U|  H.^6028-U| 

H-6029-Uj  .H-603Q-IJ5  H-6O3I-TJ1:  H-6632-lIj  .H-6038-Uj  H-11879-KES  -  ’ 

See  also;r  H^024”Uj  H-6p43-Uj  H-60!6'3-!'Uj  and  H-6311-P,  where  the  process  was 
observed  at  a  later  time.  ■  :  ,  , 

See  also;:  AM  158930-86  arid,"  107  for  autopsy  specimens  •(Hiroshima  cases).  KUM  18 
23,  39, '42j  KIU-1,  3,  5,- 6,  ;  7,  8,  19,;  21,  45>  46,  47  (Nagasaki  Cases) , 
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a)  The  conmonest  pattern  was  the  metamorphcsis  of  reticulum  cells  in¬ 
to  granulocytes .  The  reticTilum  cell  which  underwent 

this  development  was  usually  quite  large  with  abundant,  nongranular,  deeply 
basophilic  cytoplasm,  which  characteristically  was  paler  in  the  region  adjacent 
to  the  nucleus.  The  nucleus  was  often  excentric  and  was  usually  round,  or 
somewhat  indented.  The  chromatin  threads  were  moderately  fine  (but  less  so  than 
in  the  conventional  * blast ) ,  and  were  arranged  in  a  distinctly  reticular,  or 
net-like  manner.  The  nucleoli  were  small,  prominent ,  and  often  encircled  by  a 
conspicuous  ring  of  chromatin.  A  very  characteristic  example  of  such  a  cell 
is  shown  in  Figure  12.  Other  examples  will  be  discussed  presently.  In  histo¬ 
logical  preparations,  the  cell  was  obviously  a  free  cell,  distinctly  ro\inded, 
and  the  nuclear  structure  was  definitely  intermediate  in  quality  between  that 
of  the  reticulum  cell,  and  that  of  the  myelocyte.  The  process  of  transforma¬ 
tion  was  recognized  by  the  appearance  in  these  rounded-up  free  reticulum  cells 
of  azurophlle  granules.  This  was  followed  by  the  appearance  of  neutrophilic  or 
eosinophilic  specific  granules.  It  was  not  \mtil  the  cell  had  acquired  a  con¬ 
siderable  amoTuit  of  granulation  that  the  nucleus  lost  its  reticular  quality. 

The  chromatin  ultimately  became  coarse  and  condensed,  and  then  resembled 
closely  that  of  the  conventiohal  metamyelocyte.  The  series  of  changes,  and 
the  appearance  of  the  cell^types  is  shown  in  the  series  of  photomicrographs: 

(See  figure  12  for  the  typical  reticvilvim  cell.)  In  figures  32  and  33>  JiCey 
#h3,  died  7  September,  19^5)  Is  shown  this  same  type  of  cellular  change  in  two 
groups  of  cells  stained  with  Wright -Giemsa  from  imprint  preparations.  Here 
in  groups  of  very  similar  appearing  cells,  can  be  seen  several  degrees  of 
azurophil  granulation  of  the  cytoplasm.  In  figure  3^»(£ey  #22,  died' 31  Aug¬ 
ust  19^5,)  the  same  type  of  differentiating  reticulxam  cell  is  shown  in 
tissues  stained  with  Giemsa .  'Imprint  preparations  of  this  marrow,  Figures 
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35 f  36 f  37  show  groups  of  largo,  free  reticulum  cells,  some  of  which  contain 
a  few  fine  azurophile  granules.  These  figxires  show  clearly  the  contrast  be¬ 
tween  the  ordinary  reticulum  cell  and  the  rounded,  free  type  which  appears 
to  participate  in  the  metamorphosis.  Figure  38  shows  another  group  of  cells 
with  many  gradations  from  no  granules  to  the  presence  of  both  azurophilic  and  ■ 
neutrophilic  ones.  The  progressive  maturation  of  the  nuclear  structure  is 
well  illustrated  in  this  series. 

b) ,  The  other  pattern  vfhich  was  observed  was  the  same  process  of  pro¬ 
gressive  development  of  granulation,  but  in  this  case  the  cell  which  xinder- 
went  metamorphosis  was  an  abnormal  lymphocyte  of  the  type  described  and  pic¬ 
tured  in  a  preceding  section.  The  metamorphosis  of  this  largo  abnorml  Ijmi- 
phocyte  \ms  never  seen  to  be  the  principal  process  occurring  in  any  case. 
However,  it  was  a  frequent  finding,  and  the  identification  of  the  cells  in  the 
early  stages  of  transformation  was  difficult.  The  principal  differences  between 
the  two  series  were  as  follov^;  In  the  case  of  the  abnormal  I3rmph0cyt.es,  the 
azurophile  granules  were  fewer  and  smaller,  and  the  cells  in  which  they  ap¬ 
peared  seemed  to  develop  a  sparse  type  of  neutrophil  granulation  so  that  their 
appearance  v;as  never  qiiite  typical  of  a  granulocsrbe.  The  nuclear  structure 
became  coarse  even  when  the  granulation  was  scanty;  and  "stab-like"  forms  were 
seen  in  which  the-  cytoplasm  retained  the  lavender  qualities  Of  the  abnormal 
lymphocyte,  A  number  of  examples  of  this  variety  of  metamorphosis  are  offered, 
beginning  with  a  very  early  example,  (See  figure  25)  where  the  first  faint, 
small  azurophile  granule  can  be  seen  in  a  large  abnormal  lymphocyte.  The 
difference  between  the  nuclear  structure  of  this  cell,  and  that  of  the,  cells 
in  Figure  38  or  Figure  36-  is  quite  apparent.  In  Figures  27  and  26,  the  dens¬ 
er  quality  of  the  nucleus  and  the  failure  of  development  of  characteristic 
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neutrophilia  is  evident.  The  granule-containing  cells  in  Figure  39  show 
again  the  persistence  of  the  typical  cj'toplasm  of  the  abnormal  lymphocyte. 
These  cells  have  more  azurophile  granules  than  usual,  but  it  will  be  seen 
that  they  tend  to  collect  at  the  periphery  of  the  cell.  Figure  40  is  another 
comparable  example,  and  is  of  interest  because  this  specimen  was  obtained 
much  later  in  October,  10  weeks  after  the  bombing.  The  same  is  true  of  the 
specimen  in  Figure  41  which  was  collected  in  December,  showing  the  persistence 

of  the  abnormal  lymphocytes  in  the  marrow,  ^^dth  good  evidence  that  some  of 

/ 

the  granulocytopoiesis  is  occurring  in  this  manner. 

As  a  contrast  to  these  ts^es  of  metamorphosis  of  the  "reticiilar  marrow", 
it  vdll  be  helpful  to  present  two  illustrations  of  marrov/  in  which  the  major¬ 
ity  of  myelopoiesis  is  occurring  in  the  conventional  manner  with  'blasts  as 
the  youngest  member  of  the  series  to  be  recognized.  Figure  42  is  from  pa¬ 
tient  KIU-49  (See  (6)  Case,  page  32)  and  V'fas  known  to  have  had  a  "reticular 
marrow"  several  weeks  earlier.  Figure  43  is  a  photomicrograph  of  a  biopsy 
obtained  early  in  October  (Case  278,  Nagasaki)  which  was  conspicuous  for  the 
large  number  of  'blasts  that  were  seen. 

It  would  be  difficult  to  state  with  any  degree  of  certainty  how  frequent 
ly  one  oi-  the  other  of  these  patterns  of  metamorphosis  occurred.  There  is  no 
reason  at  all,  of  course,  to  doubt  that  in  many  instances  the  reticulum  cell 
may  have  differentiated  into  'blasts,  which  in  their  turn  produced  a  defini¬ 
tive  marrow.  The  random  manner  in  which  biopsies  were  .made  has  left  many  gaps 
in  the  material  available  for  study,  In  spite  of  such  drawbacks,  it  seems 
quite  certain  that  there  are  at  least  tliree  ways  in  which  the  marrow  may  re¬ 
cover  from  the  sort  of,  injtary  that  was  caused  by  the  gamma  radiation  of  the 
atomic  bomb: 
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a)  Metamorphosis  of  retlculm  into  n^elocytes. 

h)  Metamorphosis- of  abnormal  lymphocytes,  (which  were  themselves  de¬ 
rived  from  reticulum)  into  myelocytes. 

c)  Metamorphosis  of  reticulum  into  'blasts  which  differentiate  in 
the  usual  manner. 

It  is  worth  repeating  for  emphasis  that  all  the  foregoing  processes  may 
coexist,  and  that  in  addition  to  these  types  of  regeneration,  'blasts  and 
myelocytes  which  s\irvived  the  radiation  may  resume  their  characteristic 


functions . 


Group  4.  Evolution  of  the  newly  formed  definitive  marrow. 

The  development  of  the  regenerating  marrow  is  so  active  and  so  variable 
that  there  are  no  distinct  ’’fixed  points”  to  be  seen  after  the  metamorphosis 
described  above  has  begun.  It  is  desirable  to  visualize  the  processes  which 
take  place  from  there  on  as  varying  greatly  from  patient  to  patient  vdth  re¬ 
spect  not  only  to  the  speed  and  the  quality  of  the  recovery,  but  also  v^ith 
regard  for  such  complications  as  blood  loss  and  infection  which  may  also  be 
present.  In  spite  of  these  qualifications  it  is  possible  to  classify  the 
recovery  phemonena  into  a  series  of  types.  These  should  not  be  thought  of 
as  necessarily  fixed-,  but  should  be  regarded  as  points  in  a  continuum  at 
which  biopsy  examination  has  been  made.  The  classification  of  the  stages  of 
recovery  of  marrow.-  and  the  determination  of  the  time  period  during  which 
they  were  generally  found  should  provide  a  useful  guide  to  the  rate  of  re¬ 
covery  to  be  anticipated  after  injury  by  gamma  radiation.  The  character¬ 
istics  of  the  marrow  patterns  used  in  this  arbitrary  classification  are 
listed  in  Table  17, 

TABLE  17 

CRITERIA  OF  TYPES  OF  REGEMRATING  MARROW 

CRITERIA 

a,  ^brelocytlc Marrow  in  which- the  percentage  of  'blasts,  pro¬ 
myelocytes  and  neutrophilic  myeloc^es  is  the 
largest  portion  of  all  Toyeloid  cells  in  the  dif¬ 
ferential  counts, 

Metamyelocytic ;  Marrow  in  which  the  percentage  of  neutrophilic 

metamyelocytes  is  the  largest  of  any  type  of  d^- 
eloid  cell  in  the  differential  count. 

5*  Left  Shift;  Marrow  in  v;hich  the  percentage  of  neutrophilic 

■  stab  forms  is  in  excess  of  25% i 
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CRITERIA 


Marrow  in  which  the  relative  percentages  of  each 
type  of  nQreloid  cell  approximates  the  normal 
values,  as  listed  in  Table  1,  with  duo  regard  for 
the  range  of  values  aa  ihdiaated  ifi  Table  6. 

Marrow  in  which  the  percentage  of  eosinophilic 
leukocytes  of  all  stages  is  in  excess  of  8%,  In 
the  tabulation  of  types  of  marrow  (see  table  18) 
the  "eosinophilic  marrows"  are  listed  without  re¬ 
gard  to  other  featwes. 

VJhen  the  differential  couni.s  were  studied  on  this  basis,  it  was  found 
that  the  marrow  biopsy  material  from  Nagasaki  displayed  a  definite  trend  re¬ 
lating  the  degree  of  maturation  to  the  interval  of  time  after  exposure  to  the 
atomic  bomb.  The  trend  is  less  definite  in  the  material  from  Hiroshima. 

These  differences  appear  to  be  due  solely  to  chance,  in  the  sense  that  biop¬ 
sies  were  performed  at  more  favorable  intervals  in  Nagasaki. 

A  tabulation  of  the  types  of  marrow  obtained  at  different  times  is  given 
in  Table  18,  Brief  discussions  and  examples  of  each  stage  will  be  presented. 

a.  "Myelocytic  Iferrow."  Fotir  examples  of  this  type  of  marrow  were  seen 
among  the  Hiroshima  material,  3  early,  and  1  late."'*  There  v;ere  10  examples 
among  the  Nagasaki  material,  2  early  in  the  coxarse  of  recovery^  and  7  later, 
during  the  period  when  hyperplasia  v/as  the  rule,  that  is,  during  October.  A 
typical  example  is  shown  in  the  differential  count  of  the  biopsy  obtained 
from  Case  3232,  17  October.;  (See  table  19a -0 


Table  17-continued: 
TYPE 

d.  Regular t 

e.  Eosinophilic; 


*See  also  Nagasaki  Cases  404;  409,  3016,  3192,  KIU-15,  -16,  -32,  -35  and  KUM 
87  (See  table  11,  19  September) 

^^See  also  Hiroshima  cases  H-6011-U;H-6026-Uj  H-6031-Uj  H-6311-P. 
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TABLE  18 


TYPES  OF  REGENERATING '  I^IARROW 


Type 

Number 

HIROSHIMA 

1-14  15-30 

Sept  Sept 

1-15 

Oct 

16-31 

Oct 

Nov 

Dec 

Myelocytic 

4 

3 

- 

— 

1 

.ft 

Me  tamyelo  cy  tic 

3 

3 

- 

- 

- 

« 

- 

,Left  Shift 

31 

•11 

5 

7 

6 

2 

- 

Regular 

19 

2 

1 

2 

4 

10 

Total  Cases 

78 

33 

11 

9 

10 

15 

- 

Eosinophilic 

3 

“• 

- 

- 

- 

3 

- 

Type 

Number 

1-14 

Sept 

2 

NAGASAKI 

15-30 

Sept 

1 

1-15 

Oct 

16-31 

Oct 

Nov 

Dec 

%-0locytic 

10 

1 

6 

Metarayelocytic 

9 

■ft 

2 

2 

1 

4 

— 

Left  Shift 

31 

- 

- 

6 

15 

5 

5 

Regular 

67 

- 

11 

35 

16 

5 

Total  Cases 

178 

42 

6 

24 

67 

24 

15 

Eosinophilic 

14 

1 

ft. 

4 

7 

2 

Mft 
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(10)  Case  3232,  Male,  Age  62,  I5OO  meters.  (Nagasaki) 

Patient  was  inside  a  wooden  building  and  sustained  mild  in, juries 
due  to  flying  debris.  There  was  no  epilation,  but  he  suffered  from  gin¬ 
givitis  from  9-13  September.  Weakness  and  progressive  debility  were  the 
prominent  features  of  the  course  of  the  illness.  No  early  laboratory  data 
were  available. 

Examination  of  the  blood. 


DATE 

Hb. 

BBC 

WBC 

PROTEIN 

12  Oct. 

3%' 

2.02 

4,650 

6.5 

29  Oct. 

hOf, 

2.25 

5,100 

7  Nov. 

2.37 

6,680 

6.7 

13  Nov. 

3% 

1.91 

5,550 

5.5 

Other  laboratory  data: 

Reticulocytes,  20  October: 

0.h% 

Platelets , 

16  October: 

131,000 

Differential  Counts: 

DATE 

POLYS 

LYMPHS 

MONOS. 

EOS. 

BAS 

12  Oct; 

7h 

9 

2 

14 

1 

13  Nov. 

72 

19 

3 

4 

2 

A  typical  field  from  a  smear  of  .'myelocytic  marrow"  is  shown  in  Figure  39. 
The  smear  is  from^a  biopsy  of  KUM  87,  obtained  19  September.  (See  table  11, 
(1)  Case,  Page  27 

b.  "Metamyelocytic  Marrow."  There  were  3  examples  of  this  pattern 
among  the  Hiroshima  material,  2  of  which  were  obtained  early  in  September. 
The  Nagasaki  specimens  included  9  of  this  type,  the  majority  collected  dur¬ 
ing  the  period  15  September-31  October.  A  typical  example  is  seen  in  the 


58  (7) 


12k 


differential  count,  (see  table  19b)  of  the  marrow  obtained  from  Case 
H-6033-U,  7  September,*' 

(11) .  Case  H-60^3~U  Female,  Age  2^.  1800  meters.  (Hiroshima.) 

Patient  sustained  contusions  at  the  time  of  the  bombing.  Epilation  did 
not  occxir,  but  pharyngitis  and  stomatitis,  which  became  ulcerati'V'e,  appeared 
on  31  Avigust.  Purpura  was  observed  first  on  2  September.  The  patient  had 
a  protracted  febrile  course,  but  ultimately  recovered. 

Examination  of  the  Blood. 


DATE 

Hb. 

RBC 

WBC 

6  September 

2.46 

1,100 

Differential 

Count; 

DATE 

POLYS 

LYMPHS 

STAB  FORM 

NUCLEAl'ED  RED  CELLS 

6  September 

\2% 

lis 

12^ 

2% 

c.  "Left  Shift  ^feLrrow”;  31  examples  of  this  pattern  of  marrow  were 
obtained  in  the  material  from  each  city. ''  The  tendency  was  noted  for  this 
type  of  marrow  to  develop  mainly  during  October  or  later.  A  conspicuous  ex¬ 
ample  has  already  been  cited.  Case  H-6025-U.  (See  table  14  and  (7)  Case,) 
where  a  left  shift  was  found  not  only  in  early  marrow,  obtained  6  September, 
but  also  in  a  later  specimen  of  12  November.  A  biopsy  performed  on  27  Sep¬ 
tember,  however,  was  found  to  have  the  characteristics  of  a' "regular  narroi^", 

t 

Another  example  is  Case  314  (Nagasaki) ,  the  differential  marrow  count  for 
which  is  shown  in  Table  19c. 

*See  also  Hiroshima  Cases  0-l2l6l-0saka  and  Nagasaki  Cases  3093?  3192,  KIU- 
17,  18,  23,  25,  30,  31  and  33. 
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SXMglSS 

OF  D.IF?ngl!TXAL 

COmSTp  0?  STiiiRN^  Kfrnm 

A 

B 

C 

Caoe  Ko« 

^232 

"J£I310CVTIC” 

H-6035“ll 

'•METAkEljOCTTlC'^ 

»i.|gfT_.snrFy«» 

’Blast 

0,9 

0,5 

Bi’cargrelocyte 

1.5 

1,0 

1.0 

Jay-eloosTte 

15.5 

15,5 

14,5 

Metacg^elocytes 

13.5 

ie,o 

7c5 

Stab  Forxa 

16.5 

16,0 

34oO 

Poljr 

9.5 

7,0 

4,5 

Ece5jiopidlo(  al3. ) 

6.5 

3,5 

5.5 

Lyiflphocyte 

4<0 

12,0 

10  o5 

Monocybo 

1„5' 

1.5 

1.0 

Hietiecyt© 

C,.h 

0,5 

>  ’<a» 

Plas/ca  Cell 

?-,o 

3.5 

3.0 

Erythroblast 

7..A 

2.0 

6,0 

Normoblast 

26  .,5 

15i5 

12.0 

TOTAL  MUCLSATISD 
CELL  COUNT 

- 

8600 

- 

Date 

I?  October 

7  September 

30  October 

(12)  Case  31^:  Male.  Age  l8.  l600  meters.  (Wagasakl) 

\ 

Patient  was  inside  a  thin  sheet-metal  building,  and  sustained  moderate 
flash  burns  of  face  and  hands.  Epilation  occurred  about  7  days  after  the 
bombing  and  pharyngitis-  developed,  early  in  September.  The  bums  healed 


well,  but  recovery  from  the 

radiation  injury 

was  protracted. 

Examination  of  Blood; 

DATE 

Hb 

WBC 

PROTEIN 

2  October 

1% 

10  October 

13,800 

7.5 

2  November 

7,850 

7.8 

Differential  Counts: 

DATE  STABS 

POLYS 

LYMPHS 

MONOS. 

EOS. 

BAS 

10  October  * 

29 

51 

1 

6 

1 

2  November  8 

27 

ho 

9 

15 

* 

d.  "Begular  Marrows'*  were  observed  quite  frequently  in  the  material 
obtained  from  the  recovering  patients.  It  will  be  seen  from  Table  l8  that  this 
is  a  late  development ,  as  would  be  expected,  and  that  the  majority  of  speci¬ 
mens  displaying  this  pattern  were  collected  after  l6  October,  in  each  city. 

As  a  result  of  grouping  the  types  of  marrow  as  observed  on  smears  in  this  men- 
ner,  several  features  of  the  process -of  regeneration  are  apparent.  (See  table 
l8.)  First,  it  is  not  surprising  to  find  that  recovery  is  correlated  with  a 
prbgfessiye  "shift  to  the,  ri^t"  of  the  myelograms  of  patienta;, who  survived. 
Second,  the  time  relations  of  the. "several  stages  of  evolution  display  consid¬ 
erable  variation  from' case .to  case.  -  This  variability  is  a  complex  result  of' 

*  1  Metamyelocyte  was  noted . 
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the  two  major  imponderables:  the  radiosensitivity  of  the  individml;  and 
the  actual  dosage  of  gamma  rays.  If  the  niimber  of  biopsy  specimens  were  great¬ 
er  it  should  be  possible  by  grouping  patients  with  respect  to  their  distance 
from  the  bomb,  to  elucidate  this  point  further.  Since  this  is  not  feasible, 
there  is  no  reason  to  pursue  this  phase  of  the  subject  at  greater  length, 

e,  "Eosinophilic  Marrow",  Eosinophilia  was  observed  much  more  frequently 
in  the  marrow  of  patients  from  Nagasaki  than  in  the  Hiroshima  group.  This 
discrepancy  is  undoubtedly  due  to  chance  in  the  sense  that  more  biopsies  were 
performed  at  an  appropriate  time  in  the  former  city.  The  actual  incidence 
was  3  of  78  cases  fdr  Hiroshima,  and  14  of  178  cases  for  Nagasaki,  respective¬ 
ly.  ^'ho  distribution  of  the  latter  cases  on  a  time  basis  is  shown  in  Table  18. 
Figure  Vi-  shows  the  appearance  of  marrow  tissue  obtained  at  autopsy  from 
one  such  case,  Shinkozen  4-318  (Nagasaki),  Key  #194.  A  brief  review  of  the 
clinical  record  discloses  the  following: 

(13)  Case,  318,  Male,  Age  8.  700  meters.  (Nagasalci). 

Phtient  was  inside  a  wooden  building,  and  received  multiple  lacerations 
d^ie  to  glass  fragments  as  well  as  severe  radiation  injury.  He  was  cared  fer 
in  the  Shinkozen  Medical  Aid  Hospital  and  no  early  records  of  laboratory 
studies  were  found.  Epilation  of  the  scalp  had  occurred^  but  no  other  sj/mptoms 
attributable  to  radiation  injury  were  noted.  He  contracted  lobar  pneumonia 
and  died  4  October.  The  discrepancy  between  the  eosinophilia  of  the  marrow 
and  the  lack  of  it  in  the  peripheral  blood  is  interesting 
Examination  of  Blood.  ’ 

DATE  ■  Hb  TOC 

4  October  %%  2.37  27,600 
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Differential  Count. 


DATE  STABS  POLYS  LYMPHS  MOWOS 

4  October  15  78-5  2 

The  average  marrow  eosinophile  percentage  in  each  time  period  for  Naga¬ 
saki  cases  is  shown  in  Table  20.  It  will  be  seen  that  overage  values  show 
a  trend  with  the  maximum  in  October;  but  at  this  time  the  mean  is  not  greatly 
in  excess  of  average  normals.  The  high  value  for  December  should  be  ignored 
because  of  the  small  number  of  cases.  For  normal  values  refer  to  Table  1 
where  the  averages  in  two  series  of  Japanese  subjects  were  4.2fci  and  4.3°!^  ra- 
spectively.  A  further  analysis  of  the  Nagasaki  patients  with  ''eosinophilic  mar 
row"  shows  that  their  distribution  with  respect  to  distance  from  the  bomb  vras 
quite  similar  to  that  of  the  entire  group.  (See  table  21). 


TABLE  20 

AVERAGE  PEBCENTAOE:  OF  ALL  EOSINOPHILIC  CELLS 
INIvIARROW  (NAGASAKI  CASES) 


MEA-N  PER  CEITT 

TOTAL  NUMBER 

EOSINOPSTIliS 

TIME  PERIOD 

OF  CASES 

2.9 

l-l4  September 

42 

2.1 

15-30  September 

6 

5.5 

lrl5  October 

24 

4.9 

November ' 

24 

6.5  . 

December 

15 

4.2-  4.3  Normal 
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TABLE  21 


DISTANCE  FROM  BOMB 

All  Nagasaki  .Cases  with 
Marrow  Biopsy  (Table  3) 

Meters  Cases 

with  Eosincphilin  Marrow 

6 

0  -  500 

1 

23 

600  -  1000 

4 

57 

1100  -  1500 

7 

21 

1606  -  2000 

2 

13 

Beyond  2100 

0 

The  data  in  Table  21  suggest  that  the'  eosinophilic  group  is  representative 
and  that  the  finding  is  probably  not  to  be  attributed  to  some  extraneous 
factor,  as  say  parasitic  infestation.  Some  of  the  Japanese  workers 
reported  that  blood  and  marrow  eosinophilia  was  a  favorable  prognostic 
sign  (Appendix  4n  -  25);  but  the  total  number  of  cases  on  which  this 
conclusion  was  based  was  too  few  to  justify  it.  In  attempting  to  assess 
the  significance  of  these  changes  it  may  be  recalled  that  blood  eoslho- 
philia  has  been  described  as  a  typical  sequel  of  roentgentherapy  (Minot 
and  Spurling,  192h,  loc.  cit.).  The  maximum  values  observed  by  radiologists 
Is  of  the  order  of  2.^  which  is  considerably  less  than  the  maximum  of 
68^  eosinophils  found  in  the  blood  of  case  jj=^122.  (See  Table  22a) 

(14)  Case  3122,  Female,  Age  25,  1700  meters,  Nagasaki. 

Patient  was  inside  a  wooden  building  and  sustained  many  lacerations 
due  to  flying  fragments, of  glass,  as  well  as  radiation  injury.  Epilation 
appeared  early,  and  purpura  and  gingivitis  were  evident  during  the  1st 
week  of  September.  Hemorrhagic /retinitis  associated  with  amblyopia,  was 
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still  to  be  seen  in  October.  The  course  of  recovery  was  slow. 
Examination  of  Blood. 


DATE 

BBC 

WBC 

PROTEIN 

20  September 

- 

- 

2500 

- 

2  October 

32$, 

- 

16450 

8.5 

l6  October 

43^ 

- 

8500 

7.8 

26  October 

6C$, 

■  - 

16200 

8.4 

1.3  November 

ke$, 

- 

11050 

7.8 

Differential  Counts 

DATE  POLYS 

LYMPHS 

MONOS 

EOS. 

BAS 

2  October 

29 

8 

6 

61 

1 

16  " 

lU 

15 

7 

64 

- 

26  ■' 

11 

17 

k 

68 

- 

13  November 

^3 

2k 

2 

31 

- 

b.  Erythropolesis; 

The 

manner  in  which  the 

erythropoietic  function 

of  bone  marrow  recovers 

after 

exposure 

to  injurious  doses  of 

gamma  radiation 

is  not  too  clear.  It  has  been  demonstrated  in  the  early  period  after  irrad¬ 
iation,  while  the  proliferation  of  reticulum  is  the  main  process  to  be  seen, 
that  a  certain  number  of  nucleated  red  cells,  chiefly  normoblasts,  can  be 
found.  It  was  suggested  that  these  were- probably  cells  that  had  survived 
amo\mts  of  radiation  which  had  apparently  destroyed  all,  or  nearly  all  the 
nQrelopoietic  tissue.  A  study  of  the  specimens  with  particular  regard  for 
the  metamorphosis  of  reticulo-endothelium  into  erythropoietic  cells  has 
provided  several  examples  of,  this  process.  The  type  of  reticulum  cell  which 
is  involved  does  not  appear. to  differ  in  ary  important  respect  from  thetj^pe 
which  differentiates  into  a  granulopoietic  cell.  No  azurophile  granules 
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develop  however,  and  the  cytoplasm  tends  to  become  increasingly  basophilic, 
and  in  most  instances  loses  the  floccixlent,  or  ground-glass  texture  which  is 
characteristic,  the  changes  in  the  nucleus  are  also  distinctive  when  the 
apparent  metamorphosis  is  in  the  direction  of  the  red  cell  series.  The 
chromatin  becomes  more  dense,  and  the  threads  of  it  become  compacted  to¬ 
gether,  The  conspicuous  nucleoli  of  the  reticulum  cell  become  less  distinct, 
and  fewer  of  them  can  be  seen.  At  about  this  stage  the  cell  is  readily  iden¬ 
tifiable  as  a  very  immature  basophilic  erythroblast  (pronormoblast,  proeryth¬ 
roblast).  From  this  stage  on,  there  appears  to  be  nothing  abnormal  in  the 
evolution  of  the  adult  erythrocytes.  An  example  of  this  type  of  early  red 
cell  development  is  shown  in  Figure  45. 

The  speciTiien  is  a  biopsy,  H-11879~KPS,  obtained  12  September.  Another 
example  showing  the  contrast  between  the  early  erythroblast  and  the  equival¬ 
ent  cell  of  the  myeloid  series/  is  seen  in  Figure  46,  which  is  also  from  a 
biopsy,  H-6016-U,  perfomed  6  September,  This  patient  is  (5)  Case,  Pago  30. 

The  further  development  of  erythropoiesis  is  shovai  in  the  series.  Figures  47, 

48,  arid  49,  In  the  last  figure  a  nest  of  polychrome  normoblasts  of  quite  normal 
appearance  is  shown.  These  illustrations  are  all  taken  from  a  biopsy, 

H-10335-U,  performed  24  September.-  (See  table  22c)  There  is  no  way  that  is 
readily  apparent  to  distinguish  basophilic  erythroblasts  recently  metaiaor- 
phosed  from  reticulum,  from  ordinary  erythroblasts  vjhich  can  be  presumed  to 
have  survived  the  gamma  radiation,  / 

^fe.ny  of  the  biopsy  specimens  impress  the  examiner  as  resembling  foetal 
erythropoieis  in  the: sense  that  there  appears  to  bo  a  larger  proportion  of 
polychrome  normoblasts  and  polychromatophilic  erythrocytes,  than  is  usual  in 
adult  marrow.  The  data Unfortunately  laas  not  been  collected  in  a  manner  which 
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TABLE  22 


EXAMPLES 

OF .DIFFERENTIAL 

COUNTS  OF  STERNAL 

MARROW 

A 

3122 

"EOSINOPHILIC" 

B 

3069 

AlUTWE 

ERYTHROPOIESIS 

C 

H-10335-U 
VERY  ACTIVE 
ERYTHROPOIESIS 

'Blast 

- 

2.0 

- 

Promyelocyte 

2.7 

2.0 

1.5 

Metamyelocyte 

7.7 

8.5 

7.0 

Stab  Form 

15.4 

24.0 

25.0 

Poly 

4.4 

10.5 

8.5 

Eosinophile-all  typas 

41.8 

3.0 

2.0 

Lymphocyte 

2.7 

4.0 

5.0 

Monocyte 

0.5 

2.5 

1.6 

Histiocyte 

- 

0.5 

0.5 

/• 

Plasma  Cell 

1.1 

- 

0.5 

Erythroblast 

4.0 

4.5 

4.5 

Normoblast 

14.3 

32,0 

41.5 

17  October 

13  October 

24  September 
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will  permit  substantiation  of  this  obsei-vation.  It  has  been  shown,  however, 
in  the  section  on  the  Blood  (Section  6)  that  the  number  of  reticulocytes  in 
peripheral  blood  was  never  very  great  in  the  recovering  subjects.  There  is 
apparently  a  discrepancy  here  between  the  obvious  immaturity  of  the^  erythro- 
genic  marrow  and  degree  of  reticulocytes is  in  the  blood.  This  has  been  noted 
by  all  who  have  examined  the  material,  but  there  is  no  easy  explanation  of  the 
finding. 

It  was  shown  in  Table  9  that  the  myeloid;  erythroid  ratio  calculated 
from  differential  counts  of  sternal  marrow  was  the  lowest  dxjring  the  period 
16-31  October.  Since  this  period  was  also  the  time  at  which  the  average  value 
for  the  total  nucleated  cell  co\int  in  marrow  was  the  greatest,  it  is  proper  to 
assume  that  erythropoietic  regeneration  was  maximal  at  this  time,  on  on  average. 
The  data  was  reviewed  to  determine  the  incidence  and  the  time  relation  of  ex¬ 
amples  of  especially  marked  regeneration  of  the  erythrogenlc  function.  For 
this  purpose  two  categories  were  selected  arbitrarily: 

a)  Active  Erythropolesis;  Instances  where  the  total  percentage  of  nu¬ 
cleated  red  cells  was  between  30^  ond  UO^,  inclusive. 

b)  Very  Active  Erythropoiesia;  Instances  where  the  total  percentage  of 
nucleated  red  cells  was  in  excess  of  kO^. 

The  results  of  the  analysis  are  shown  in  Table  23  and  typical  examples  of  the 
differential  count  of  a  case  in  each  category  is  listed  in  Tables  22B  and  22C, 
respectively.  Brief  clinical  data  on  these  patients  are  presented. 
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TABLE  23 


INCIDENCE  OF  UNUSUAL  DEGBEES  OF  ERYTHRQPOIESIS 


HIBOSHIMA 

TYPE 

NAGASAKI 

1-lU 

Sept. 

15-30 

Sept. 

1-15 

Oct. 

15-30 

Oct.  Nov. 

l-ll^ 

Sept. 

15-30  1-15 

Sept .  Oct . 

16-31 

Oct. 

Nov. 

Dec 

2 

— 

2 

U 

2  Active 
erythro- 
poiesis 

2k 

•  • 

7 

5 

2 

2 

1 

3  Very  ac¬ 
tive  ery- 
thropol- 
esis 

10 

2 

8 

33 

11 

9 

10 

15  All  Types 

42 

6  24 

67 

24 

15 

(15)  Case  3069. 

Male. 

'  Age 

22.  550  meters. 

(Nagasaki) 

Patient  was  inside  a  wooden  factory  biailding,  and  received  very  many 
lacerations  of  the  entire  body  due  to  glass  fragments.  Epilation  commenced 
19  August ;  and  gigivitis  with  some  p\jrpiiric  tendency  developed  early  in 
September.  The  course  of  recovery  was  very  slow  and  his  general  status  in  No¬ 
vember  was  still  not  good. 

Examination  of  blood: 


DATE 

Hb. 

•  BBC 

WBC 

Protein 

26  August 

43f. 

3.48 

2200  . 

- 

25  Sept. 

33^ 

1.90 

3000 

- 

6  Oct. 

'58^  ; 

- 

10450 

6.8 

25  Oct. 

82^  . 

- 

7400 

- 

13  Nov. 

789^  : 

■  - 

2450  . 

7.0 
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Differential  Counts: 


.Date 


6  October 
25  Oct. 

13  Nov. 

Additional  Laboratory  Data 


POLYS 

LYMPBB 

MONOS 

EOS 

BAS 

71 

26 

2 

1 

- 

63 

25 

8  , 

4 

- 

16 

58 

8 

17 

1 

at  a: 

Reticvilocytes  , 

22  October  - 

0.h% 

Platelets 

23  October  - 

158,000 

This  record  is  quite  interesting  because  of  the  poor  reticulocytosi^  at  a 
time  (mid -October )  Tirtien  the  marrow  contained  many  normoblasts.  The  re¬ 
currence  of  leukopenia  is  curious,  and  not  easily  explained  with  the  mater¬ 
ial  available.  See  Table  22  B 

(16)  Case  H-10335-U  Male.  Age  23.  .1000  meters.  (Hiroshima)  Table  22  C 

Patient  was  sitting  inside  a  wooden  building,  but  received  no  inj\iry  except 
by  radiation.  Purpxrra,  stomatitis  and  ulcerative  pharyngitis  occurred  about 
1  September.  Epilation  was  not  observed  until  15  September.  He  was  hospital¬ 
ized  and  was  thought  to  have  typhoid  fever  in  addition  to  the  radiation  sick¬ 
ness.  He  recovered  and  left  the  hospital  7  October.  (See  figures  hj ,  k8,  49) 
Examination  of  Blood:  . 


DATE 

•  Hb 

RBC 

■:  rac 

RETICULOCYTES 

19  September 

^  3% 

1.57  - 

4500 

■  " ' 

24  September 

3% 

2.04 

5206 

6.9fo  ■ 

Differential  Counts: 

19  September 

24  S-eptember  . 

Metamyelocyte 

0.5 

1.5 

Stab  Form 

23.5 

13.5 

Poly 

29.5 

64.0 

Lymphocyte 

21.0 

13.5 

Monocyte 

13.5 

7.0 
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Differential  Counts-continued; 

19  September 

24  September 

Eosinophil 

0.5 

-  _ 

Basophil 

- 

0.5 

Plasma  Coll 

- 

1,0 

From  this  cursory  review  of  the  recovery  of  erythropoiesis  it  is  evident 
that  the  same  processes  operate  as  in  the  case  of  the  granulocytic  col3.s. 

There  is  considerable  clinical  evidence  for  defective  evolution  of  this  fiinc- 
tion,  as  represented  by  cases  whore  the  clinical  syndrome  of  hypoplastic 
'  anemia  persisted  or  gradually  became  worse,  12-14  weeks  after  irradiation. 

There  is,  however,  no  characteristic  feature  of  the  marrow  specimens  from 
such  cases,  A  typical  example  of  this  late  deficiency  is  Case  10.  (Key^^  #190) 
(17)  Case  #10.  Mile,  Age  58,  1300  meters,  (Nagasaki). 

Patient  was  standing  in  the  open,  and  siistalnod  extensive  second  degree 
burns  of  exposed  portions  of  the  body,  as  well  as  of  parts  covered  by  clothing. 
Epilation  commenced  at  an  unspecified  time,  but  no  other  symptoms  of  radiation 
injury  wore  recoi’ded.  '^he  burns  were  healed  satisfactorily  by  the  1st  of  Oc¬ 
tober,  but  his  general  condition  deteriorated  steadily.  A  d^iarrhea  comenced 
11  October  and  persisted  ’antil  death,  apparently  from  cachexia,  on  18  Novom- 
ber, 

ExaiTiinatlon  of  Blood: 


DATE 

Hb 

RBC 

WBG 

PROTEIN 

5  October 

12% 

2.00 

5350 

5.4 

1  November 

51$ 

3.10 

4550 

4.5 

18  November 

18%  i 

0.85 

1600. 

■  4,5 
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Differential  Counts: 


DATE 

POLYS 

LYMPHS 

MONOS. 

EOS. 

5  October 

78 

12 

7 

3 

1  November 

78 

18 

2 

2 

Reticrtlocyte  Count:  1  November.  1,8^ 

Stool  cultures  were  reported  as  negative  for  pathogens.  The  low  power  view 
of  the  marrow  (See  figure  50)  shows  a  fairly  cellular  tissue,  but  more  careful 
inspection  reveals  no  polys  or  other  adult  cell  types. 

In  the  past  there  has  been  considerable  speculation  as  to  which  group  of 
human  marrow  cells,  the  red  or  the  \,rhite,  is  more  radiosensitive.  The  present 
data  has  been  examined  carefully  with  this  question  in  mind,  but  alloiAring 
for  differences  in  the  tempo  of  the  reactions  in  each  system,  it  is  not  pos¬ 
sible  to  produce  a  defensible  ansvjer  at  the  present  tim.e.  It  is  apparent 
that  the  granulocytes  are  destroyed  promptly  and  that  at  a  time  when  all 
these  are  absent,  a  few  normoblasts  remain.  It  has  been  suggested  that  these 
latter  are  survivors,  but  since  they  are  relatively  matvire  types  which  would 
shortly  develop  into  the  comparatively  radio-insensitive  erythrocytes,  it  does 
not  seem  proper  to  appraise  the  sensitivity  df  the  erythropoietic  system 
on  the  basis  of  them.  The  burden  of  the  evidence  indicates  that  the  white 
cell  forming  tissue  recovers  sooner  than  the  erythrogenic ^structures.  There 
is  no  more  reason  to  attribute  this  to  differences  in  radio-sensitivity  than 
there  is  to  explain  it  by  differences  in  rate  of  growth  of  the  two  tissues. 
Clinical  examples  were  observed  Xijhere  it  appeared  that  the  erythropoietic  func¬ 
tion  had  recovered  more  completely  than  the  myelopoietlc  one,  and  vice  versa. 

In  view  of  the  ambiguous  nature  of  the  evidence  cited,  it  is  well  to 
reserve  Judgment,  Perhaps,  long  range  observation  of  recovered  patients  will 
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provide  a  more  satisfactory  answer. 

C.  Megakaryocytes .  The  smears  of  aspirated  marrow  obtained  early  in  the 
course  of  the  syndrome  of  radiation  injury  rarely  contained  appreciable  num¬ 
bers  of  megakaryocsrtes.  As  a  matter  of  fact,  the  ordinarj'’  technics  for  bone 
marrow  biopsy  provide  indifferent  information  about  the  relative  numbers  of 
these  large,  fixed  cells.  For  this  reason,  the  percentage  of  megakaryocytes 
is  not  included  in  the  tabulation  of  the  differential  cell  coimt.  In  the 
tissues  obtained  at  autopsy,  these  cells  may  be  studied  more  readily,  and  it 
x>ras  found  that  their  behavior  ro\ighly  paralleled  the  changes  in  the  ii^elopoi- 
etic  tissues.  There  appears  to  be  a  fair  correlation  between  the  time  period 
when  the  platelets  vjere  least  numerous  (see  section  on  Blood)  and  the  period 
when  the  fewest  megakaryocytes  were  seen  in  the  marrow  (see  section  on 
Pathology) .  The  develop nent  of  megakaryocytes  from  reticulum  has  been  des¬ 
cribed  in  various  blood  dyscrasias..  and  in  experimental  animals-  and  in¬ 
stances  were  observed  in  the  irz’adiated  patients  which  demonstrated  this  proc¬ 
ess.  Specific  examples  are  sho\ra  in  the  Pathology  section. 

Group  5.  Unsatisfactory  evolution  of  the  ’’ reticular  marrow”. 

It  is  reasonable  to  anticipate  that-  the  marrow  will  not  regenerate  in  a 
satisfactory  manner  in  some  cases.  Since;  this  type  of  failure  should  facili¬ 
tate  the  death  of. the  subject,  the  autopsy  material  has  been  st\idied  with  par¬ 
ticular  regard  for  evidence  of  abnormal  patterns  of  regeneration.  A  tentative 
classification  of  the  conditions  of  unsuccessful  .recovery  of  marrow  is  as 
follows; 

!)■  Failure  of  the  reticulo-endotheli'um  to  proliferate,  stiffieiently, 
with  the  result  that  subs t^tial  numbers  of  definitive  cells  aj’e  produced, 

2)  Failure  of  -the  metamorphosis  of  an  "adequate",  or  abundant  reticular 
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marrow  to  occiir  rapidly  or  completely  enough  to  provide  sufficient  adiilt 
granulocytes  and  erythrocytes, 

3)  Abnormal  evolution  (or  differentiation)  of  the  retlculo-endothelium 
with  the  production  of  substantial  numbers  of  cells  of  other  varieties  than 
adult  granulocytes  and  erythrocytes. 

The  first  two  conditions  are  rather  obvious  eventualities  and  it  is  possible 
to  interpret  many  of  the  biopsy  and  autopsy  specimens  in  such  a  manner.  The 
third  condition  is  the  subject  of  discussion  in  the  present  section. 

It  is  evident  that  the  development  from  the  reticulo-endothellum  of  cells 
other  than  the  highly  desirable  granulocytes  and  ei-ythrocytes  may  vary  great¬ 
ly  both  as.  to  kind  and  as  to  extent.  Thus,  it  may  be  expected  that  cases  will 
be  found  where  the  number  of  abnormal  cells  vfill  be  few  or  many,  or  where  their 
site  of  development  will  be  focalized  or  generalized.  It  has  been  shown  that 
in  the  early  period  of  recovery,  after  exposure  to  the  .atomic  bomb,  the  2m?o- 
liferation  of  reticulum  is  associated  vrith,  and  is  probably  the  source  of, 
plasma  cells,  macrophages,  and  abnormal  lyanphocytes.  Later  it  appears  that 
the  reticulum  produces  fewer  of  these  cells  and  undergoes  a  metamorphosis  into 
a  tissue  consisting  of  definitive  myelopoietic  and  erythropoietic  cells.  It 
is  reasonable,  therefore,  to  expect  that  certain  instances  will  be  found  where 
the  early  type  of  differentiation  has  persisted,  or  has  become,  or  remained 
the  dominant  activity,  .  - 

Plasma  cells  were  seen  in  large  ntmibers  in  specimens  obtained  at  autopsy 
and  biopsy  during  the  first  3-5  weeks  after  irradiation.  In  some  instances, 

3Q%  to  40/5  of  the  nucleated  cells  in  marrow  v/ere  of  this  type,  ELasma  cells 
are  still  to  be.  seen  but  in  decreasing  numbers  in  all  the  specimens-  obtained 
late  (i.e,  last  half  of -September,  October,  November,  December)  after  Injury, 
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There  was  no  example  found  during  this  period  where  the  number  of  plasma 
cells  or  their  distribution  was  such  as  to  suggest  that  they  were  prolifer¬ 
ating  in  an  abnormal  manner  nor  was  there  any  example  of  tissue  which  re¬ 
sembled  multiple  myeloma.  The  same  can  bo  said  in  general,  for  macrophages; 
and  there  wei'e  no  "late"  cases  where  unusual  numbers  of  these  cells  were  ob¬ 
served. 

In  the  marrow  obtained  by  punctiire  biopsy,  appreciable  numbers  of  ab¬ 
normal  l3anphocytes  v;ere  found  on  many  occasions.  In  Table  16,  page  48  it  was 
shown  that  the  incidence  of  this  type  of  cell  in  significant  numbers  (i.o. 
more  than  1%  of  all  the  cells  counted)  was  5(>%  f'^r  Hiroshima,  and  31$  for 
Nagasaki  cases,  respectively.  It  was  also  shown  that  these  forms  could  be 
found  at  any  time  after  the  bombing  v?hen  the  marrow  was  examined.  In  fact,  • 
about  one-half  of  all  the  specimens  obtained  in  November  in  each  city,  and 
in  December  in  Nagasaki,  contained  some  abnormal  lyraphocytcs.  The  signifi¬ 
cance  of  the  persistence  of  abnormal  lymphocytes  is  difficult  to  assess. 

One  point  of  view  may  be  that  since  the  marrow  continues  to  produce  this  type 
of  cell,  therefore  the  process  of  metamorphosis  of  the  reticulum  is  incom¬ 
plete.  Another  view  may  be  that  the  response  of  the  reticulum  to  infection, 
etc.,,  is  altered  and  the  abnormal : lymphocyte  roay  continue  to  be  one  of  the 
characteristic  products  of  "Irritated"  reticulim  in  such  subjects.  There  is, 
however,  insufficient  data  available  to  establis.h  either  point  of  view  satis¬ 
factorily,  There  is,  also,  inadequate  data  to  permit  the  establishment  of 
limits  of  "normality"  for  the  occurrence  of  these  cells,'  It  must  be  suf- 
f icient  to  state  here  that  lymphocytes  of  this  type  Eire  seldom  encountered 
in  bone  marrow  under  any  conditions, and  that  the  high  rate  of  occurrence 
of  them  in  these  specimens  is  thus  of  some  interest.  Since  it  is  not 
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possible  to  interpret  the  finding,  a  group  of  cases  will  be  presented 
simply  to  demonstrate  the  appearance  of  such  cells  late  in  the  course  of  the 
syndrcane  of  radiation  injury. 

(l8)  Case  4l0.  Female.  Age  33-  1300  meters.  (Nagasaki) 

Patient  was  inside  a  wooden  building,  and  sustained  minor  flash  burns 
of  the  face  and  arm,  as  well  as  minor  injuries  due  to  flying  debris.  Gin¬ 
givitis  and  pharyngitis  occurred  late  in  Aiigust,  and  epilation  and  purpura 
commenced  in  September.  Amenorrhea  persisted  from  the  time  of  the  bombing. 
The  wounds  and  biurns  healed  satisfactorily,  and  she  made  a  slow  recovery  from 
the  effects  of  the  radiation. 


Examination  of  blood: 


3 

DATE 

m 

BBC 

WBC 

PROTEIN 

Q 

5  October 

63% 

3.10 

7050 

6.5 

19  " 

70fo 

3.00 

9850 

6.7 

■  ‘  ■ 

7  November 

72$ 

- 

6500 

6.7 

15  " 

b2$ 

- 

5UOO 

7.0 

S'. 

16  " 

61$ 

4.69 

) 

7000 

- 

Pig'-ore  Ul  is  a  representative  field  from  a  smear  of  marrow- obtained  by 
biopsy  on  l6  December,  and  shows  the  presence  of  the  large  abnormal  lympho¬ 
cyte.  There  are  also  myelocytes  to  be  seen  with  the  deficient  type  of  gran¬ 
ulation  associated  with  the  metamorphosis  of  abnormal  lymphocytes  into  gran¬ 
ulocytes. 

(19)  Case  H-IO616-I  Female  19  200  meters  (Hiroshima) 

Patient  was  inside  on  the  first  floor  of  a  3  story  concrete  building. 
She  received  minor  wounds  and  radiation  5.njury.  Epilation  occurred  early  in 


in  November,  16  weeks 

after  the  bombing. 

Examination  of  Blood: 

DATE 

-  Hb 

BBC 

NBC 

13  August 

48^' 

2.35 

3400 

15  " 

2.34 

1340 

16  " 

43^ 

2.20 

1250 

18  " 

kof> 

2.15 

2480 

20  September 

- 

- 

- 

19  November 

‘  78^ 

3.87 

4500 

Differential  Count: 

■ 

DATE 

STAB  • 

POLYS 

LYMPHS  MONOS 

19  November 

8.0 

54.4 

27.2  4.0 

PJATE- 

iSSTS 


4.0  4.0  4.0  65790 

Figrn’e  51  is  a  typical  field  from  a  bone  marrow  biopsy  performed  19  November. 
The  large  n-umber  of  abnormal  lymphocytes,  as  well  as  what  appear  to  be  cells 
transitional  between  the  retictilum  cell  and  the  Ijraaphoid  cell,  are  shown. 

This  specimen  is  very  interesting,  for  the  patient  is  one  of  the  few  surviv¬ 
ors  of  the  group  who  were  irradiated  in  the  Banker's  Club.  (See  Section  11  S) 


A  striking  example  of  the  persistence  of  abnormal  lymphocytes  is  seen 
in  Key  S^50,  died  I5  November,  1945.  This  patient,  H-6059"U>  was  inside  a 
wooden  building  at  1000  meters,  in  Hiroshima.  He  sijrvived  a  severe  illness 
due  to  radiation  injury,  with  epilation,  purpura  and  oropharyngeal  ulcei-ation, 
and  finally  died  from  bronchiectasis.  Imprint  preparations  of  marrow,  made 
post  mortem  contained  numerous  abnormal  lymphocytes,  raar^  of  which  can  be 
seen  to  be  in  the  process  of  developing  specific  granulation.  In  Figures 
52,  53 »  54,  55  this  process  is  shown  an.d  in  many  instances  it  is  impossible 
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to  decide  whether  the  cell  is  a  lymphocyte  or  a  myelocyte.  In  the  photomi¬ 
crograph  of  the  tissue,  Figure  56,  the  intermediate  and  indeterminate  char¬ 
acter  of  the  nuclei  of  these  cells  is  shown.  A  sternal  biopsy  was  performed 
on  this  patient  17  October,  and  although  abnormal  lymphocytes  are  to  be  seen, 
the  process  which  is  pictured  here  was  less  obvious  at  that  time. 

Other  examples  of  the  persistence  of  appreciable  nimbers  of  abnormal 
lymphocytes  in  marrow  are  shown  in  Figures  57  and  ^8,  from 

Case  S-9078-KD  of  5  November  and  Figure  59,  from  Case  H-6052-U  of 

29  October.  In  contrast  to  these  subjects  in  whose  marrow  abnormal  lympho¬ 
cytes  were  conspicuous,  attention  is  invited  to  Figures  60  and  6l  from  Case 
H-6729-U  of  24  October.  The  differential  count  of  this  smear  disclosed  that 
50^  of  the  nucleated  cells  were  quite  ordinary  small  lymphocytes,  of  normal 
appearance.  The  only  common  feature  of  these  six  patients  is  their  injury  by 
gamma  irradiation.  It  is  apparent  that  further  study  is  necessary  before 
the  significance  of  the  persistence  of  the  abnormal  lymphocytes  c.an  be  in¬ 
terpreted  justly. 

The  failure  of  the  reticxilum  which  has  proliferated  to  complete  its 
metamoribosis  into  a  "definitive"  marrow  may  occur  in  such  a  way  that  a  marrow 
is  formed  which  contains  large  numbers  of  these  cells,  and  tbeir  early  de¬ 
rivatives,  but  little  evidence  of  the  maturation  of  these  latter  types.  The 
inefficiency  of  such  a  tissue  is  obvious,  and  the  failure  of  myelocytes  which 
have  developed  from  the.  reticixlum  to  undergo  orderly  maturation  is  interest¬ 
ing,  but  it  may  be  presixned  that  the  desirable  situ¬ 

ation  would  be  for  ordinary  'blasts  to  form  from  the  retic;iJ.um  in  suitable 
numbers.  These  'blasts  coiild  then,  in  tiirn,  produce  granulocytes  in  the  nor¬ 
mal  manner.  Two  excellent  examples  of  the  failure  of  the  metamorphosis  of 
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reticulum  into  normal  myelopoietic  tissue  are  available,  and  since  the 
changes  in  the  histological  preparations  are  supported  by  good  smears  of 
marrow,  they  vdll  be  presented  here. 

(20)  Case  3098,  Female,  60,' 800  meters,  Nagasalci. 

Patient  was  outdoors,  prone,  and  unshielded.  She  sustained  severe 
2nd  degree  burns  of  the  posterior  aspect  of  her  body.  The  bvirns  of  the 
legs  became  infected  and  contractures  developed.  She  had  no  epilation, 
but  noticed  purpura  at  an  unspecified  time.  Her  course  was  unsatisfactory 


and  progressive  cachexia  occurred. 

She  died  15 

October 

Examination  of  Blood:  Date 

Hb 

Rbc 

VJbc 

5  Sept 

- 

3200 

8  Oct 

52^ 

2.17 

8550 

Differential  Count; 

8  Sept;  Stabs  -  6j  Polys  -  37;  Lymphs  -  39;  Monos  -  4;  Eos  -  14 

The  sternal  marrow  was  hyperplastic  at  autopsy,  and  proliferation  of 
reticialum  was  evident,  the  majority  of  the  cells  to  be  seen  were  mono- 
nuclea,rs,  some  of  which. were  lymphocytes,  plasma  cells,  reticulum  cells 
and  myelocytes.  In  the  smear  the  identity  of  the  majority  of  the  cells 
was  apparent  (See^ Figure  62),  Typical  large,  rounded-up  reticulum  cells 
were  numerous;  and  many  contained  a  varying  amount  of  azurophile  gran¬ 
ulation.  Some  of  these  also  had  neutrophilic  granulation  in  small  amounts. 
These  were  considered  to  be  early  forms  of  abnormal  myelocytes,  and  these 
were  the  most  numerous  type 'of  cell.  Metamyelocytes,  stabs,  and  polys 
were  scarce.  A  number  of  basophilic  erythroblasts  were  present,  but 
matTU*ation  of  this  series  was  also  defective.  The  general  character  of 
the  cytological  processes  resembled  that  seen  in  the  'early*  stage  inmost 
of  the  severely  affected  patients.  The  persistence  into  the  10th  week 
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of  a  stage  which  ordinarily  occiarred  in  the  3rd  to  5th  week  is 
extremely  interesting. 

(21)  Case  3121,  Male,  65,  900  meters,  Nagasaki 

Patient  was  standing  outdoors  behind  a  tree  and  received  no 
injury  except  by  radiation.  There  was  no  epilation,  but  gingivitis 
and  purpura  commenced  early  in  September.  He  developed  gradually 
after  the  bombing  a  generalized  dirty  brownish  pigmentation  vrhich 
resembled  that  seen  after  roentgentherapy.  He  left  the  hospital 
v/ithout  permission  9  October  and  thus  was  not  worked  up  by  the 
doctors  of  the  Joint  Commission.  He  returned  in  a  moribund  state, 

11  November,  and  died  the  same  day.  The  only,  clinical  information 
obtained  was  that  he  had  continued  to  have  diarrhea  after  leavj.ng  the 
hospital  and  had  become  progressively  weaker  without  any  definite 
complaints. 


Examination  of  Blood; 


DATE  RBC  ■  WBC 

27  September  4.16  /h400 

The  sternal  marrow  was  fairly  cellular  at  autopsy,  and  contained  a  moderate 
amount  of  erythropoietic  tissue,  but  the  predominant  type  of  cell  was  a  re¬ 
ticulum-like  mononuclear.  Imprint  preparation  (See  figure  63)  contained  many 
typical,  large  rounded-up  reticulum  cells,  only  a  portion  of  v/hich  contained 
azui'ophile  granulation,  A  small  number  of  myelocytes  of  the  type  formed 
from  reticulum  v;ere  seen;  and  metajiiyelocytes  and  stab  forms  and  polys  were 
very’-  fexi  in  number.  Plasma  cells  and  lymiphocytes  v/ere  numerous.  The  general 
appearance  of  this  marrow  obtained  in  the  14th  week  after  bombing  Mas  similar 
to  that  from  severe  cases  who  died  in  the  3rd-4th  weeks. 

These  two  cases  (2()  and  (21)  illustrate  quite  well  the  persistence  of  the 
proliferation  of  reticulum  which  is  undergoing  metamorphosis  into  myelocytes. 
However,  the  latter  cell  types  do  not  appear  to  be  maturing  in  the  usual 
manner,  and  there  is  very  little  evidence  of  the  differentiation  of  the  retic- 
\ilum  or  its  product  into  even  small  amounts  of  normal  marrow  tissue.  There 
is  no  evidence  that  can  be  recognized  to  explain  the  reason  for  the  failure  of 
ordinary  myeloid  tissue  to  form,  nor  is  there  any  indication  as  to  why  this 
early  pattern  of  regenerating  marrow  continued  for  so  long  a  period. 

On  the  basis  of  the  knov/n  action  of  ionizing  radiations  on  biological  mater¬ 
ial,  it  is  reasonable  to  anticipate  that  some  instances  might  be  found  where- 
leulcemic,  or  pre-leukemic  changes  could  be  recognized  in  the  marrow  and  the 
lymphoid  structures.  Experimentally  leuJcemia  has  been  produced,  in  '  • 

animals,  particularly  mice,  by  exposure  to  varying  amounts  of  roentgen 
rays.  The  factors  of  duration  of  exposure,  and  intensity  of  radiation  neces¬ 
sary  to  provoke  the  development  of  letilcemia  are  not  thoroughly  known.  It  has 
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been  shown,  however,  by  Furth  (l)  and  also  by  Boehe  (2)  that  single  large 
doses  may  be  as  effective  in  causing  leiikemia  as  repeated  small  exposures. 

The  ability  of  the  human  species  to  develop  leukemia  as  a  consequence  of 
roentgen  iiradiation  is  indicated  by  the  high  incidence  of  the  disease  in 
radiologists,  (l).  In  none  of  the  marrow  biopsy  specimens  obtained  in  eith¬ 
er  city  was  there  any  evidence  to  suggest  that  leukemia  was  developing. 

The  most  persistently  abnormal  marrox^s  from  the  cytologic  standpoint  have  been 
mentioned  in  preceding  sections|  but  there  is  no  reason  to  describe  any 
of  them  as  leukemia  or  even  as  pre-leukemia.  .Among  the  autopsy  specimens 
there  were  several  cases  where  the  proliferation  of  the  reticulum  in  the  mar¬ 
row  and  in  the  lymphoid  organs  was  especially  pronounced,  .  The  marrow  of 
these  cases  displayed  little  evidence  of  orderly  metamorphosis  of  the  retic¬ 
ulum,  The  cases  are  described  in  detail  in  the  section  on  Pathology, 

They  are  not  examples  of  leukemia,  but  the  poor  differentiation  of  reticulum 
which  is  seen,  bears  some  resemblance  to  the  processes  observed  in  irradiated 
animals,  which  have  developed  leukemia. 

One  case  of  "Monocytic  leukemia"  occxirred  in  a  medical  student  who  had 
recovered  from  a  severe  form  of  the  syndrome  of  radiation  injury.  It  is  de¬ 
scribed  in  detail  in  the  Pathology  section.  This  patient  experienced  a 
period  of  good  health  of  some  5-6  weeks  duration  between  the  time  of  recovery 
from  the  effects  of  severe  radiation  sickness  and  the  onset  of  the  symptoms 
of  acute  leukemia.  Because  of  reasom.ble  doubt  as  to  the.  role  of  the  gamma 
radia.tion  in  the  genesis  of  the  leukemia,  no  further  comment  is  appropriate, 

(1)  Furth,  J.  "Recent  Experimental  Studies  on  Leul:emia",  Physiol.  Rev. 

26:  4V-76,  January  1946. 

(2)  Boehe,  Personal  communication.  Data  to  be  published. 
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SUMMARY 


A  study  of  the  specimens  of  bone  marrow  obtained  by  biopsy  and  at  au¬ 
topsy  revealed  the  following  features  of  the  reaction  of  human  hematopoietic 
tissue  to  lethal  and  sublethal  doses  of  ionizing  radiation. 

1.  The  marrow  was  seriously  affected  by  the  gamma  radiation  of  the  atomic 
bomb.  The  definitive  cells>  were  markedly  reduced  in  mimber  or  were  entirely 
destroyed.  The  period  of  maximum  depletion  of  these  cells  appeared  to  vary 
from  patient  to  patient,  but  occurred  in  general  between  the  6th  and  perhaps 
the  30th  day  after  exposure. 

2.  In  almost  every  patient  who  survived  longer  than  6  days  after  ir¬ 
radiation,  there  was  evidence  of  the  proliferation  of  the  reticulo-endothelium. 

3.  At  first,  the  only  products  of  this  proliferation  were  reticulum  cells, 
macrophages,  plasma  cells  and  lymphocytes. 

4.  After  a  period  of  time,  v/hich  varied  from  1  to  3  weeks,  the  retic¬ 
ulum  cell  underwent  a  metamorphosis  resulting  in  the  development  of  definitive  ■ 
granulocytogenic  and  erythrogenic  tissue. 

5.  There  was  evidence  for  the  transformation  into  myelocytes  of  the 
abnormal  lymphocytes  which  developed  from  the  reticulo-endothelium,  and  there 
was  reason  to  believe  that  these  myelocytes  could  maturate  into  polymorphonu¬ 
clear  leukocytes. 

6.  There  was, evidence  for  the  regeneration  of  both  red  and  white  marrow 
from  'blasts  of  the  appropriate  type  which  survived  the  gamma  irradiation. 

-  7.  There  appeared  to  be;  three:  means  by  which  marrow  damaged  , by  ionising 
radiation  regenerated.  These/ are  summarized  in  4,  5)  and  6)  above.  It  is 
very  probable  that  any  or  all.  of  these  methods  may  be  operative  in  a  given 

I  -  .  "  ■ 

case, 

lk9 
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8,  As  regeneration  progressed,  there  was  a  steady  "shift  to  the  right" 

of  the  myeloid  tissue,  beginning  from  a  very  immature  "reticular"  or  "myelo¬ 
cytic"  marrow,  and  ending  in  favorable  cases,  with  one  that  closely  approximat¬ 
ed  the  normal.  ' 

9.  The  time  required  for  the  nyelopoietic  tissue  to  recover  completely 
varied  among  patients,  but  in  most  instances,  when  it  occurred,  restitution 
to  a  normal  status  was  seen  by  the  12th  to  16th  week  after  exposure. 

10.  The  recovery  of  the  orytliropoletic  portions  of  the  marrow  appeared  to 
proceed  at  a  slower  rate  than  granu3.opoiesis,  but  each  system  appeared  to  reach 
a  normal  state  at  about  the  same  period  of  time. 

11.  The  cellularity  of  irradiated  bone  marrovr  is  not  certainly  knovm  at 
all  stages,  but  it  Was  foiind  to  be  reduced  to  less  than  10^  of  normal  in  the 
3rd  to  5th  week  after  exposure.  The  maximum  cellularity  of  the  average  re¬ 
generating  marrovr  was  about  50^  greater  than  normal  and  was  found  during  the 
10th-12th  week  after  irradiation, ' 

12,  The  tendency  of  the  marrow  to  recover  promptly  after  large  doses  of  , 
gamma  irradiation  to  the  vrhole  body  is  an  important  fact.  The  ability  of  the 
reticolo-endothelium  to  participate  in,  and  possibly  to  effectuate  this  re¬ 
covery,  after  irradiation  is  a  signific^ant  physiological  finding, 

13,  The  process  of  regeneration. failed  or  ocevnred  in  an  unsatisfactory 
manner  in  some  patients.  In  some  Instances  there  vras  evidence  that  the  pro¬ 
liferating  reticulo-endothelivim  failed  to-  differentiate  into  adequate  numbers  of 
definitive  cells.  In  other  instances  young  defim-tive.  cells  developed,  but 
failed  to  -undergo  maturation  into  adult  forms.  In  still' other  instsjices,  the 
marrow  appeared  to  contain  rioimially  matured  cells  which  failed  to  gain  access 

to  the  circulating  blood  in  adeq-uate  numbers. 
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STERNAL  MARROW  BIOPSY 
Average  values 


I  -14  sePT. 
ALL  PATIENTS 


H  I  ROSHI  MA 


1-14  SEPT. 
LIVED 


NAGASAKI 


1-14  SEPT. 
ALL  PATIENTS 


Fig.  1  (7) --Pi©  diagrams  of  sternal  marrow  differential  count.  The  class 
"reticular”  includes  monocytes,  histiocytes,  macrophages,  plasma  cells. 
Where  the  total  count  of  nuclear  marrow  cells  is  known  it  appears 
directly  above  the  "pie"  concerned.  (Photo  File  ^  HM  292.) 


5  SEPT. 


HB  -  67  % 
RBC-3.27 
WBC  -  450 


STERNAL 


CELLS  -  BOO 


5  SEPT.. 

HB  -  34% 
RBC  -  1.5  7 
WBC -  500 


5  SEPT. 

HB  -  52% 
RBC  -  2.4  6 
WBC-  900 


MARROW  BIOPSY 


(Photo  File  #  KM  lU6.) 


STERNAL  MARROW  BIOPSY 


NORMAL 


CELLS- 33,000 


II  SEPT.  5  OCT. 

HB  -32%  HB  -  65% 

RBC-2.32  RBC-  2.25 

WBC-IOOO  WBC-  5800 


CASE  K-49;  CODE  00-12 


CELLS- 211,000 


Pig.  5  (7)— CPlioto  File  #  HM. 


STEh.^^AL  MARRC  BIOPSY 


CELLS -1 00,000 


26  SEPT.  16  NOV. 

HB—  85% 
RBC-  3.66 
WBC-1500  WBC-3600 


case:  H-6030-U 


CELLS-  66,000 


ON 


Fig.  6  (7) 


i) 


Fig.  7  (7) "(Photo  File  #  HM  289.) 


STERNAL  MARROW  BIOPSY 


CELLS -100,000 


NORMAL 


CASE  H  -  6016-  U 


Fig.  8  (7)— (Photo  File  #  HM  251.) 
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STERNAL  MARROW  BIOPSY 

CELLS -5000  CELLS- 8400 


CELLS-34,200  CELLS-202,000 


CASE  K-49*,  CODE  02-10 


Fig.  9  (7)— (Photo  File  #  NM  144.) 


STERNAL  MARROW  BIOPSY 


CELLS-  100,000 


CELLS-  4,500 


NORMAL  JAPANESE 


27  SEPT. 

HB  —  57% 
RBC-  3.10 
WBC-6500 


6  SEPT. 

HB  -  45% 
RBC  -  20. 1 
WBC-1300 


CELLS  - 174,000 


CODE  :  H  -  602  5  U 


Fig.  10  (7) — (Photo  File  #  BM  290.) 


Fig.  11  (7) — Oura,  K.I.U.-7>  Dist'ance  ?.  Marrow  smear  obtained  post 
mortem,  10  September,  with  3  large  reticulum  cells,  lymphocytes,  and 
differentiating  reticulum  cells  with  azurophile  granules.  X  1000. 
(Photo  File  #  MM  117K.) 
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Fig,  12  (7)““0ura,  K*I*U*-7j  Distance  ?.  MarroiJ’  smear  obtained  post- 
mortem*  10  September,  showing  2  reticulum  cells*  The  one  on  the  left 
Is  the  more  mature.  Differentiation  Into  myelodytes  Is  seen  when 
nucleus  has  reached  this  stage  of  maturation.  X  1000.  (Photo  File 
#  M  118K.) 
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1 

i 
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Fig.  13  (7)--  Takeuchi,  29.  Male.  1000  meters.  Died  4  September  19^5 
Bib  marrow,  showing  hypoplasia  and  moderate  congestion  of  the  sinusoids 
The  mononuclear  cells  in  the  field  are  nearly  all  rectculum  cells, 
plasma  cells,  or  lymphocytes.  X  I80.  Giemsa.  Autopsy  Key  Number  39* 
Uhoto  File  #  HM  184K;  AMM  Acession  I5893O-IO3.) 


Fig.  lU  (7) — Takeuchi,  29.  Male.  1000  meters.  Died  4  September  1945. 
Autopsy  Key  No.  39.  Oil  immersion  field  of  section  (Pig.  13)  of  rib 
showing  the  proliferation  of  reticulum  and  the  collection  of  lympho¬ 
cytes  and  plasma  cells  in  "islands"  between  the  fat  cells.  X  1200. 
Giemsa.  (Photo  File  #  HM  I87K;  AMM  Accession  I5893O-IO3.) 
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Fig.  15  (7) — ^Autopsy  Key#  22.  Omura,  Age  22.  Male.  1000  meters. 
Died  1  September  19^5*  ^  Imprint  smear  of  femoral  marrow,  showing 
macrophages  (with  and  •v^thout  pigment),  plasma  cells,  and  young 
myelocytes.  X  1000.  (Photo  File  ^  HM  249Kj  AMM  Accession  158930-91*) 

) 

i) 


l6  (7)“-Avitopsy  Key#  34.  Pujlta.  Age  22.  Male.  Distar^ce  ?. 
Died  2  Pepipnfcpr  1945.  Section  of  femoral  marro^  ehowing  proliferating 
r^tlcvLLp-endptheliTflU  and  erytlirophagocytosis .  Notice  the  similarity 
in  nuclear  structure  pf  the  phagocytic  cells  and  the  reticulum  cells. 
The  relatlpnshlp  of  the  proliferation  to  the  sinx^olds  is  veil  shown. 

X  loop,  (Phpto  File  #  HM  205K;  AMM  Accession  158930-98.) 


Fig.  17  (7)  Oura,  K.I.TJ.-7j  Dis'tanc©  ?.  Smear  of  sternal  marrow  ob- 
talned  post-mortem,  10  September  19^5#  showing  several  types  of  plasma 
cells  and  reticulum  cells.  X  1200.  (Photo  File  #  NM  120K.) 


Fig.  18  (7)"Nlchlda.  Age  33.  Male.  KUM-S?.  Distance  1200  meters 
Smear  of  sternal  marrow  obtained  11  September.  Total  nucleated  cell 
count:  173 j 000.  Smear  shows  various  types  of  plasma  cells  (5)  and 
one  reticixlum  cell.  This  patient  recovered.  See  Table  11.  X  1000. 
(Photo  File  #  HM  129K.) 
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Fig.  19  (7)— Autopsy  Key  #  23.  Satol,  ?.  Male.  1000  meters.  Died 
31  August  19^5.  Section  of  femoral  marrow  showing  the  proliferation 
of  reticulum  and  tlie  development  of  plasma  cells  and  lymphocytes  In 
"Islands"  between  the  fat  cells.  Gflemsa.  X  1200.  (Photo  File  #  HM 
I92K;  AMM  Accession  158930-87.) 


Fig.  20  (7) — Autopsy  Key  #  21.  Iseoka.  Age  45.  Male.  1000  meters. 
Died  30  August  1945.  Section  of  femoral  marrow  showing  plasma  cells 
arranged  in  a  "string"  along  the  endothelial  wall  of  a  capillary  or  a 
sinusoid.  Glemsa.  X  1200.  (Photo  File  #  HM  I89KJ  AMM  Accession 

158930-85.) 
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Fig.  22  (7) — ^Akamatsu.  Age  21.  Male.  l600  meters.  Sternal  'biopsy^ 
7  September,  showing  the  large  abnormal  lymphocytes.  The  cytoplasm 
of  some  of  these  Is  developing  neutrophilic  gran\ilatlons .  Z  1^00. 
(Case  No.  H-11879-KPS . )  (Photo  File  #  HM  l60  K.) 
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-Tamashita.  Age  17.  Female.  Distance?.  Sternal  biopsy, 
showing  large  abnormal  lymphocytes  without  granxales,  also  a 
11.  The  character  of  the  nucleus  of  the  former  type  is  the 
ature.  X  1500.  (Case  No.  K.I .U. -33. )  (Photo  File 


Fig.  Zk  (7)— Inoue,  Age  46.  Female.  Lese  than  2000  meters.  Sternal 
biopsy  of  9  September,  showing  three  large  abnormal  lymphocytes.  The 
absence  of  granules  and  the  flocculent  nature  of  the  cytoplasm  and  the 
comparatively  coarse  chromatin  with  inconspicuous  nucleoli  are  the 
typical  features.  X  1500.  (Case  No.  K.I.U.-19.)  (Photo  File 
#HM  177K. ) 


Fig.  25  (7) — Inoue.  Age  46.  Female.  Another  field  from  biopsy.  Fig.  24, 
showing  a  large  abnormal  lymphocyte  with  a  few  azTjrophlle  granules .  The 
coarse  chromatin  structure  of  the  nucleus,  and  changing  appearance  of  the 
cytoplasm  are  shown.  X  1500.  (Case  No.  K.I.U.-I9.)  (Photo  File  #  EM  178K.) 


Fig.  26  (7)— ‘Bata.  Age  7.  Male.  Less  than  1200  meters.  Sternal  biopsy, 
6  September,  shoving  3  large  abnormal  lymphocytes.  The  central  one  and  ■ 
the  one  on  the  right  have  a  few  azxirophlle  granules  In  the  cytoplasm.  The 
reticular  origin  of  these  cells  Is  suggested  by  the  cell  on  the  right. 

X  1500.  (Case  No.  H-6OI6-U.)  (See  Case  6,  Table  12B,  and  Fig.  8.)  (Fhot 
File  #  HM  I56K.) 


Pig.  27  (7) — Hata.  Age  ?.  Male.  Less  than  1200  meters.  Another 
field  of  the  sternal  biopsy  smear.  Fig.  26,  showing  more  differentiated 
stages  of  the  abnormal  lymphocyte,  which  here  resembles  a  metamyelocyte 
The  nuclear  structxire,  however,  resembles  that  seen  in  Fig.  26.  Z  I5OO 
(Case  H-6OI6-U.  )  (PhotolFlle  #  HM  .155K. ) 


Fig.  28  (7) — ^Autopsy  Key  ^  28.  Kawaura.  Age  23.  Male.  1000  meters. 
Died  1  September  19^5*  Smear  of  vertebral  marrow  showing  reticialum 
cells,  abnormal  lymphocytes,  and  the  apparent  relation  of  these  to 
each  other.  There  are  also  plasma  cells  and  small  lymphocytes. 

X  1000.  (Photo  File  #  HM  201K;  AMM  Accession  158930-92.) 


Fig.  29  (7) — Satol.  Age  ?.  Male.  1000  meters.  (See  Pig.  I9.) 

Another  portion  of  section.  Fig.  16,  showing  large  (abnormal)  lympho- 
cjrtes  occiirring  in  association  with  proliferating  reticulum  in  "islands 
between  the  fat  cells.  Glemsa.  X  1200.  (Photo  File  #  HM  193K;  AMM 
Accession  I5893O-87.) 


Fig.  30  (7)— Pujlta,  Age  22.  Sea:  ?.  Distance  ?.  Died  2  September  I945. 
Section  of  femoral  marrow  showing  small  scattered  groups  of  erythropoiesls 
as  well  as  proliferated  reticulum  and  occasional  lymphocytes  and  plasma 
cells.  X  230.  (Photo  File  #  HM  207K.) 


Fig.  31  (7)— Fujita.  Age  22.  ,  Sex  ?.  Distance  ?.  (see  Fig.  30).  Oil 
immersion  view  of  a  portion  of  section  (Fig.  30)  showing  the  proliferating 
reticulum,  lymphocytes,  and  small  Irregularly  arranged  group  of  nucleated 
red  cells ,  most  of  which  appear  to  be  polychrome  normoblasts .  X  1000 . 
(Photo  File  #  HM  206k.) 


Fig.  32  (7) — Horinouchi.  Age  33.  Male.  1000  meters.  Died  7  September 
19^5.  Smear  of  sternal  marrow  showing  several  types  of  reticulum  cells. 
The  3  cells  on  the  left  have  the-  same  type  of  nucleus,  but  more  con¬ 
densed  cytoplasm  containing  aziorophile  granules.  These  are  thou^t  to 
be  early  myelocytes  developing  directly  from  retiCTil-um.  X  1000.  (Photo 
File  #  HM  32IZ.) 
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Pig.  33  (7) — (see  Fig.  32).  Horlnbuchl.  Age  33.  Male.  1000  meters. 
Another  field  from  smear  shown  in  Fig.  32.  The  reticulum  cells  in  this 
smear  are  quite  distinct,  and  these  are  many  with  azurophils  granules 
in  the  cytoplasm,  early  myelocytes.  X  1000.  (Photo  File  EM  319K.) 
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Fig.  35  ( 7) "Autopsy  Key  #  22.  Mlch.lhara.  Age  ?.  Male.  1000  meters. 
Died  3  August  19^5  (see  Fig.  3^).  Imprint  smear  of  vertetral  marrow 
shown  in  section  in  Fig.  3^.  The  photomicrograph  shows  a  series  of 
intergradations  between  reticulum  cells  and  more  differentiated  types 
with  azurophils  granules  that  resemble  myelocytes.  X  1500.  (Photo 
File  #  HM  170K;  AMM  Accession  I5893O-86.) 
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Fig.  36  (7) “Autopsy  Key  22.  Miohlhara.  Age  Male.  .1000  meters. 
Died  3  August  19^5  (see  Fig.  3^).  Imprint  smear  of  vertebral  marrow 
shown  in  section  in  Fig.  3^*  More  examples  of  the  metamorphosis  of 
reticulum  cells  into  myelocytes.  X  15OO.  (Photo  File  #  HM  ITlKj 
AMM  Accession  I5893O-86.) 


Fig.  37  (7)— Autopsy  Key  #  22.  Michihara.  Age  7 .  Male.  1000  meters 
(see  Fig.  3^.)  Imprint”  smear  of  vertebral  marrow  shown  in  section  in 
Fig.  3^«  In.  this  field  plasma  cells  and  retlculian  cells  and  one  myelo 
cyte  are  shown  for  contrast.  X  1500.  (Photo  File  #  HM  172K;  AMM  Ac¬ 
cession  138930-86.) 


Fig.  38  (7)--0ura,  K, I. U. -7/ Distance  ?.  Sternal  marrow  smear  showing 
a  group  of  cells  with  typically  reticular  nuclei  and  varying  amounts  of 
azurophils  granulation,  and  one  wlnh  none.  Plasma  cells  and  small 
lymphocytes  are  also  shown.  X  I5OO.  (Photo  File  ^  NM  II9K.) 


Fig.  39  (7)— Nichida.  Age  33.  Male.  Less  tlian  1200  meters.  Sternal 
"biopsy  of  19  September  (see  Fig.  I8  for  early  biopsy)  when  total 
nucleated  cell  count  was  68,000.  The  smear  shows  one  large  abnormal 
lymphocyte  and  several  metamyelocytes  of  the  sort  that  develop  from  the 
former  cell.  Notice  the  quality  of  the  cytoplasm  in  the  metamyelocytes 
and  the  persistence  of  azurophile  granules .  X  1200.  (See  also  Case  (1), 
Fig.  4c,  Table  2.)  (Case  No.  KUM-87.)  (Photo  File  #  NM  131K.) 


Fig.  40  (7) — Dobi.  Age  20.  Female.  1100  meters.  Sternal  biopsy, 
l8  October  19^5 #  showing  abnormal  lymphocytes,  the  myelocytes  and 
metamyelocytes  with  conspicuous  azurojiiile  graniiles .  One  myelocyte 
of  the  type  that  develops  from  the  abnormal  lymphocyte  is  shown  with 
two  nuclei.  The  basophilic  erythroblast  is  normal.  X  1500.  (Case 
No.  3058.)  (Photo  File  #  HM  13i^K.) 


Fig.  4l  (7) — Fukabori.  Age  33-  Female.  I3OO  meters.  Sternal  biopsy, 
16  December  194-5*  showing  the  persistence  of  the  abnormal  lymphocytes 
and  plasma  cells.  (Photo  File  #  NM  122K. ) 


Pig.  42  (7)— Tamaguti.  Age  35*  Male.  Distance;  ?.  Sternal  biopsy, 

5  October,  at  which  time  the  total  nuclear  cell  count  was  202,000. 

The  smear  shows  a  normal  'blast  and  quite  normal  stages  of  ^anulocyte 
development.  This  patient  had  a  reticvilar  marrow  4  weeks  before. 

(Case  No.  K. I.U.-49.  See  also  Fig.  9  Table  13.)  (Photo  File 
#  NM  128k.) 


Pig.  43  (7)— Nakazlma.  Age  16.  Male.  13OO  meters.  Steraal  biopsy, 
16  October,  sbowlng  active  regeneration  with  normal  appearing  'blasts 
and  granulocytes.  The  red  cell  series  also  appears  normal.  X  I5OO. 
(Case  No.  278.)  (Photo  Pile  #  NM  136K.) 
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Fig.  U5  (7) — ^Akamatsu.  Age  21,  Male.  16OO  meters.  Sternal  biopsy, 
12  September  (see  Fig.  22)  showing  very  early  forms  of  erythroblasts 
whose  nuclei  bear  a  close  resemblance  to  those  of  reticulum  cells. 

X  1500.  (Case  No.  H-II879-KPS .)  (Photo  File  #  HM  159K.) 


Fig.  46  (7)--Hata.  Age  ?.  Male.  Less  than  1200  meters.  Sternal  biopsy, 
6  September  (see  Figs.  26,  27),  showing  young  erythroblasts  whose  nuclei 
retain  the  appearance  of  reticzilum.  Notice  the  cell  with  azurophile 
granules,  but  with  other  features  resembling  the  erythroblasts.  [case 
No.  H-6OI6-IT  (Case  5,  Table  12b,  and  Figi!  8).]  (Photo  File  #  BM  I58K.) 
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Pig.  4?  (7) — Ishii.  Age  23.  Male.  1000  meters.  Sternal  biopsy, 

2k  September  19^5#  showing  a  group  of  erythropoietic  cells .  The  baso¬ 
philic  erythrdblasts  (or  pronormoblasts)  have  a  normal  appearance  as 
do  the  more  matizre  stages.  X  I5OO.  (Case  Ko.  H-10335“U.)  (See  also 
Table  22c.)  (Photo  File  #  HM  l62K.) 
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Fig.  48  (7) — Ishil  (see  Fig.  27).  Age  23.  Male.  1000  meters.  Another 
field,  sternal  hiopsy,  24  September  1945-  Mitosis  in  normal  appearing 
basophilic  erythroblasts .  X  1500.  (Case  No.  H-10335-U.)  (Photo  File 
#  HM  163K.) 
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Fig.  49  (7) — l8h.il.  Age  23.  Male.  1000  meters.  Another  field,  sternal 
biopsy,  2k  September  19^5,  showing  more  matured  forms  of  nucleated  red  cells 
than  those  in  Figs.  47  and  48.  Some  of  the  polychrome  normoblasts  are  im- 
usually  large,  but  the  nucleus  is  of  the  ordinary  heteroplastic  type.  X  15OO. 
(Photo  File  #  HM  I6IK. ) 
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Fig.  50  (7) — Kinoshlta.  Age  58.  Male.  I3OO  meters.  Died  I8  November  19^5* 
Bib  marrow  showing  scanty  cellularity  generally.  There  are  very  few  polys, 
and  the  majority  of  cells  are  large  mononuclears.  Notice  the  diffuse  dis¬ 
tribution  of  the  erythropoietic  elements.  X  I90.  (Omura  Naval  Hospital 
Case  No.  10.)  (Photo  Pile  #  MM  157K;  AMM  Accession  I5893O-I9O.) 
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Fig.  51  (7) — Kazuko.  Age  19*  Female.  200  meters.  Sternal  biopsy, 
19  November,  showing  the  unusual  number  of  abnormal  lymphocytes.  The 
granulocytic  cells  appear  normal.  X  1500.  (Case  H-IO616-I.)  (Photo 
File  #  HM  I69K. ) 
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Fig.  52  (7) — Kijima,  31-  Male.  1000  meters.  Died  15  November  19^5* 
Autopsy  Key  ^  50*  Imprint  smear  of  sternal  marrow  showing  3  cells 
resembling  atypical  (abnormal)  lymphocytes,  a  myelocyte,  2  stab  forms, 
and  a  metamyelocyte.  X  1500.  (Photo  File  #  HM  309K;  AMM  Accession 

158930-66.) 


33  (7^— Kljiffia*  Aga  31.  Mala.  Autopsy  Key  #  50.  1000  metera. 

Another  field  (aee  Fig.  52 j  showing  2  cells  with  nucleus  and  cytoplasii 
closely  resemhling  that  of  the  abnormal  lymphocytes  in  Fig.  52,  but 
with  definite  neutrophil  ^anulatlon  around  and  over  the  nucleus.  The 

general  granulation.  X  1500.  (Photo  File 
#  BM  312K5  AMM  Accession  158930-66.), 


Fig.  5^  (7)— Autopsy  Key  #  50.  Kijlma.  Age  31.  Male.  1000  meters. 
Another  field,  same  smear  as  Fig.  52,  showing  more  of  the  lymphocyte¬ 
like  forms  with  neutrophil  granules.  All  the  cells  except  the  central 
one  are  readily  recognized  as  myelocytes.  X  I5OO.  (Photo  File  HM  311KJ 
AMM  Accession  I5893O-66.) 


Fig.  55  (7)”Kijima.  Autopsy  Key#  50.  Age  31.  Male.  1000  meters. 

(See  Fig.  52.)  Imprint  smear  from  another  bone,  same  case  as  Figs.  52, 
53i  showing  myelocytes  with  the  peculiar  granules  as  well  as  abnormal 
lymphtocytes  and  reticulum  cells.  X  1500.  (Photo  Pile  #  BM  313K;  AMM 
Accession  I5893O-.66.) 

1 
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Fig.  56  (7) — Kljima.  Autopsy  Key  #  50*  Age  31.  Male.  1000  meters. 
(See  Fig.  52.)  Section  of  vertebral  marrow  showing  the  mononuclear 
cells,  some  with  granular  cytoplasm,  myelocytes,  and  others  without. 
The  appearance  of  the  nucleus  in  many,  with  the  single  large  nucleolus 
resembles  that  of  young  lymphocytes.  Compare  with  Figs.  52,  53 >  54, 
and  55-  Giemsa,  X  1200.  (Photo  File  jf=  HM  318K;  Accession 

158930-66.)  - 


FiS*  57  (7)  Kobuke.  Age  I9.  Female.  I3OO  meters.  Sternal  biopsy, 

5  November  19^5 »  shoving  several  types  of  abnormal  lymphocyte  and  an 
ordinary  normoblast.  X  I5OO,  (Case  S-9O78-K0.)  (Photo  File  #  HM  I65K. ) 
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Fig.  58  (7) — Kobuke.  Age  19.  Female.  I3OO  meters.  (See  Fig.  57.) 

Another  field  from  smear.  Fig.  57,  shoving  more  abnormal  lymphocytes 

and  tvo  cells  which  suggest  an  affinity  with  reticul™  cells.  X  I5OO.  % 

(Case  S-9078-K0.)  (Photo  File  #  HM  166k.)  * 

i 
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Fig.  59  (7) — Toshioke.  Age  l8.  Male.  I5OO  meters.  Sternal  biopsy, 
29  October  19^5,  shoving  abnormal  lymphocytes,  small  lymphocytes,  and 
one  very  basophilic  type,  believed  to  be  a  plasma  cell.  X  I50O. 

(Case  No.  H-6O52-U.)  (Photo  Pile  #  HM  161».K.  ) 


Fig.  60  (7)— Pujii,  Age  28.  Male.  500  meters.  Sternal  biopsy, 

2k  October  19k3t  showing  ordinary  small  lymihocytea  and  a  few  ab¬ 
normal  types  with  large  azurophile  granules.  X  1500.  (Case  H-6729-U.) 
(Etioto  File  #  HM  i68K.) 


Fig.  6l  (7)— Fujil.  Age  28.  Male.  500  meters.  (See  Fig.  6.)  Another 
field,  same  sme&o:  as  Fig.  6l,  showing  a  "blast-like  cell  with  peculiarly 
large  granules  and  a  pair  of  abnormal  lymphocytes.  X  15OO.  (Case  No. 
H-6729-U. )  (Photo  File  #  m  I67K. ) 


Fig.  62  (7)— Akiyama,  Age  60.  Female.  450  meters.  Died  15  October 
1945.  Smear  of  sternal  marrow  showing  many  retictilum  cells,  some  of 
which  contain  aziirophile  granules  and  resemble  early  myelocytes . 

X  1200.  (Omura  Naval  Hospital  Case  No.  3098.)  (Photo  File  #  NM  1531 
AMM  Accession  I5893O-I88.) 
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